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PREFACE. 

The object in issuing the BuMm is to secure a quick publica- 
tion of short notes and preliminary reports on seisniological 
subjeclSj more especially such contributions tkj nmy be of us<^ in 
connection with the works of the International Seismological 
Association. The rublications, which contain nmre lengthy papers, 
will be iiisued from time to time, as heretofore. 

Jan. 1907. 

B. Maiio, Presideiii, 

V. Omori, General Secretary . 

Imperial Enrtliqaake luveBtigation Committee, 
Tokjo, Japan. 
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On the Estimation of the Time of Occurrence at the Origin 
of a Distant Earthquake from the Duration of the 
1st Preliminary Tremor observed at any place. 

By 

F. Omori, Sc. D., 
MeinW of the Imperial EnrUiqiiAke Invertigatioii Committee. 

The approximate time of occurrence (=fo) &t the origin of a 
distant earthquake can be calculated from the duration of the 1st 
preliminary tremor (=.'/i) of the latter observed at any place. 
Thus, let T (lenoto the time interval taken hy the initial vibra- 
tions of the earthquake motion in travelling the arcual distance 

between the origin and the given station; and let V} and 
denote the velocities of propagation corresponding to the Ist and 
2nd preliminary tremois. Then we have: — 

Putting proper values for Vj and v,, namely, 13.7 and vj» 7.2 
km. per sec.*, we obtain: — 

r«1.108yi (1) 

The values of I'l and r, used in (Iciliieinir the above formula ;no 
those obtiuned by " di£ference method, " that is to say, calculated 
by taking the differences of the epicential distances of different 
observing stations, and the differences of the times of arrival at 
the latter of the earthquake motion. For our present purpose, 

• Thew tnlaet are alislit iuodi8oatio»s o( Hum given in the " FaUicetiiOtur/' Xo. IS. 
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however, it in perhaps better to take tlio values of the transit 
velocities deduced by direct method " , or those obtained by 
dividing the epicentral distance of a station by the time 
interval taken by the seismic waves in traversing that distance. { 
The results deduced from the observations of the Indian earth- 
quake of April 4, 1905, at different seismological stations, are as 
follows* : — 

t)t=sl0.6 km. per Bee.; 

Using these values we obtain : — 

r= 1.222^1 (2) 

Let us provisionally take tlie mean of the two equations, thus: — 

e,=fi-U65 ffi (3) 

in which ^ denotes the time of commencement of the earthquake 
motion at a given observatory. 

Equation (3), which is to be regarded as being roughly 
approximate, gives fairly good results, as shown by the follow- 
ing examples. 

(i) Indian Mskirthquake of Ayril 4, X005. 

The l.iuie\— /]) of oceuirt iii-o in Tokyo of \\\\< earlliqualcr w as 
OV^O"" l^i'CC. M. T.); liu.' duratitin (^//,) ot' ilie 1st preliniiiuuy 
tremor being 7m 10s. From (3) we tlius find, for the time of 
earthquake occurrence at the centre itself: — 

J Seo ii' xt Article. 

• Dc lucc l :> ni tho obwrr«iUon4 At th« difbrent aUUiMM, wboM «pic«ntr^ diataace v&ried 
betwoen 20° and ll'0.° 
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«,=0 59" 13*-(Li65x4360=O* eO" 45' (G. M. T.) 

This agrees very well with the time of occturenee at the origin 

infciTcd from the mjignetograpli observations made at Dehra Dun, 
namely, 0'' 49- 48' {Li. M. T.) 

(ft) (gan JP!p«iNC#«e« MSm^tmuakm •/ ApHt 18i IMA. 

The time of occurrence in Tokyo was 5* 24*" -K)' A.M. (in 
Western States, or Pacific, Time) ; the duration (— of the 1st 
preliminaiy tremor being 9*" 49*. For the time of occurrence at 
the origin itself, we have: — 

(<>=5* 24" SS'-CLlOoxO" 49')=5' 13" 5' A.M. 

This seems to be very dose to the real value of t^, since the time 
of occurrence of the gient earthquake observed at the Students' 

Observatory. Berkeley, aiul Lick Observatory, Mount llaiiiilton, 
wore respect! veJy 5* 12"" '^9' and 5* 12" 12', these two places being 
not much distant from the epicentral zone. Tlie time of 
earthquake occurrence at tiie centre of disturbance was probably 
6* 12". 

(S) CmioMnn Marthqumke of Sept, 8, tOOS. 

The time (<,) of occurrence in Tokyo of the seismic motion 
was 1* 56* 09* (G.M.T.); the duration (//,) of the Ist preliminary 

tremor being 10"" 25'. Applying these values to our formula, wo 
obtain: — 

66- 09'-(1.165 x 625^)-l* 44* 00' (G.M.T.) 

Now accuuliiig to the seismogi'aphical observations made at the 
Observatory of Messina, the earthquake shock was felt there tirst at 



4 J?- Omori : Tiine of fiattbqmkti OceoneBflv. 

43-. i'^'-^2' (G.M.T.)- Hence the time of occurronce at the 
origin itself was probably about 1* 43" 00*, which is close to th© 
result estimated above. 
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On the Methods of Calculating the Velocities of 
Earthquake Propagation. 

By 

F. Omori. Sc.D., 
Mttttber of the Impeml Eaithqaake InveatigAtion GommitteA. 

In the PvbHcatioRs of the Ear^puike Investufatian Committtt^ Nos. 
6 and 13, I have stated the view that the seismic waves cor- 
responding to the different pliases of the earthquake motion are 

propagated along, or jjarallel to, the earth's surface. 

In the discussion the transit velocities of the different 
phases of the earthquake motion, given in subsequent Articles, I 
have followed the same assumption and used throughout the arcual 
distance instead of the length of the chord. Further, there are 
two distinct methods of the velocity calculation, as follows. 

(-4) Mitreet JUethotl^ in which tiic tran>il velocity is obtained 
by dividing the epiceutral distance of a station by the difference 
between the times of occun'ence of a particular phase of motion at 
the latter and the origin of disturbance. Thus, if sb' be the epi- 
central distance of a place, and if and be respectively the 
times of occurrence at the latter and the epicentre, we have 

Velocity =^/^-. 

(B) Uifferenee Method, in which the velocity i.s obtained by 
dividing the dift'ciuiioe of the epiccntral distances of any two 
stations by the difference of the times of occurrence of a given 
phase of motion at these stations. Thus, if x' and t' have the 
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same iiieaHiiig us before and if x" and t" be the corresponding 
quantities at a second place, we have: — 

\clocity= = ^y. 

The '* difference method " gives always a higher vahie of the 
velocity tiiau the "direct method": the discrei)ancy, which be- 
comes smaller witli the increase of the epieentral distance, being 
markedly .shown up to the distance of about 40\ 

In the difference method,'* we have no need of ascertaining 
the time of occurrence at the origin of disturbance ; the inaccuracy 
about the position of the epicentre being also avoided in a great 
Tneasure, provided those stations which are taken for combination 
lie on one and the same great circle passing through the epicentre, 
on one side of which tliey are all :>ituated. 

The velocities corresponding to the oornmenceiaent of the 
different phases of the earthquake motion will be denoted in sub- 
sequent Articles by the same symbols as in my former papers,* 
namely, asfoUows: — 

V Velocity of the l-t preliminary ti-emor; 

Vt ,s -nd ; 

r, 1 St phase. Principal Portion J 

Vi ., 2nd „ 

U 1, 3rd 

f. „ 4th 



t?r ,, 5th 

l\ M M 



* Tbti " ruUicaiions." Xoa. & and IS. 
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Preliminary Note on the Cause of the San Francisco 
Earthquake of April i8, 1906. 

By 

F. OiKoi 1 Sc, D., 
Uember of tlio Imperitil Earthquake luvesligatiou Couiultteo. 

1. MroaueiioM, The gi'eat earthquake of April 18, 1906, 
which caused an enormous amount of damage in San Francisco, 
furnished a rare opportunity of studying the different earthquake 
phenomena, especially the seismic effects on various modern 
structures. Immediately upon the receipt of the news of the 
cuta^troplie, the Ini|)onal Govcrninent ivsolvcd to di>*patcli to 
California Frol'es^uis 'W Xnkatiuira arid T. Sano. and myself, for 
tho purpose of luakiug investigations on tho great seismic 
disturbance, each according to his professional point of view. 
The party departed from Tokyo on May 1st, and arrived at San 
Francisco on the 18th of the same mouth, the present writer 
remaining about 80 days in California. 

^ly special thanks are due to Professor Geoi^e Davidson, 
and also to Professors Lawson and Leusehner of the University 
of Calilornia, Dr. (iilberl, of the U. S. CJeological Survey, Mr. K. 
Uyeno, Japanese Consul, and other American aud ' Japanese 
gentlemen, with whom X came in contact and who gave me most 
cordial assistance during my stay in California. 

9. Time 9f f^enrmeauim. The Umes of earthquake occurrence 
observed at the Berkeley University and tho Lick Observatory were 
respectively 5* 12" 30' and 5* 12'' 12* A.M. (Western States Time, 
or that of longitude 120" W.); the time of conimeiicoujeiit of tho 
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disturbance at the origin itself being probably about o* 12" A.M. 

3. Area of neairurNre Motion. The urea, withifi Avliidi 
iiKiie or les* damage was done, was very long, extending over a 
distance of 55U miles along the Pacific coast, from the vicinity of 
Salinas on the south to the vicinity of Eureka on the north. The 
width or the extent from the coast of the strong motion area is 
probably some 50 miles. Tlie earthquake of April 18th was 
thus greater, in length, than the large Japan earthquake of 1801, 
the lengtli of wliose area of strong motion was about 4t)0 miles. 
The intensity ut muiiun in the San Francisco earthquake was, 
however, less violent than in the other, and tlie amount of the 
casualties in San Francisco and tlie different parts of the strongly 
shaken zone was small comparatively. 

4. s*M Warem. AVhen an earthquake of inland origin is large 
and violent, the waters of ponds, rivers or lakes are more or less 
disturbed. So similarly a great submarine earthquake is often 
followed hy tidal waves; tin time interval hctwv-en the occurrence 
of the earthquake shock and the arrival of ihc dc^ti ut :ivu sea waves 
vui"ies from a few minutes to .several hours, and depends on the 
distance of tiie origin from the shore. Tidal waves which are not 
to be noticed on high seas are developed most markedly in bays 
with shallow waters and an open mouth, but are quite insignificant 
along deep-water straight coasts. Many of tlie great earthquakes 
originating off the Pacific const of Alaska and Central and South 
America r lus n ;it < < tn] umied hy large tidal waves. Bnt 
fortunately. Ihi:^ phenumeiujn whith sometimes causes more 
damage than the earthquake distur!i;nict' itself was so far not very 
destructive along the coast of the United Estates. The great 
earthquake of April 18th last produced distinct, but very small 
disturbances of the bay waters which were clearly recorded on the 



Digitized by Google 



C«QW of the Saa Franciioo Eaitb^tuk*. 



9 



tide ^aug*' at iliu l'ro?>idio (Sun FranciiKio); the amount of the rise 
and fall of the sea water being only about 6 inches, repeated in 
about 40 minutes. Now the wave period or periods at a place 
on a given coast remain constant in all the tidal waves, irrespective 
of the origin or cause ; a destructive tidal wave consisting simply 
in the increase of the amount of the water motion existing more 
or less at all times, in consequence of a strong subniariiKi earth- 
quake or erui)tion, a storm, or some other ag(>nc\ . A seismic 
tidal wave is causi'd by tlie inovements communicated from the 
sea bottom to the superincumbent water mass: a very big water 
disturbance taking place when the earthquake focus is at the sea 
bottom itself or at a very small depth below it, accompanied by 
some changes in the contour of the sea bottom. The absence of 
any great tidal disturbance on April Iftth shows that there was no 
gi'cat suhiuariiio depression or \ ci'lieal di.>lucaliijn, ullhough it 
seems ]))-obni»k' that the norlhorn half of the epifocal zone was 
under the raeific 

5. Sea Shack. The steamer *'Ai^'* feit the eoithquake 
shock on sea near Cape Mendocino, the sensation being like that 
caused by running aground. There were other vei^sels which 
experienced the earthquake in a similar manner. 

Effects liUe these, which may he called " s(?a-shoeks," are due 
to the direct transmission thrniii»;h water of vibratory cartluiuakc 
movements, and nut due to the plieiiomena of the tidal waves 
which are developed only along coasts where there is some 
indentation. 

6« ^jfjM*o«lma#« J^»alfftoJt atf the Cmlre 9f B^faemi Zone. 

A nrngh idea as to the position of the most central or principal 
point in the zone, wliich foms the origin of the earthquake, may 

be obtained from a guud scismogi'apli record taken at the Lick 



Digitized by Google 



10 



F. Omori: 



Observatory, where tile preliininury truinor lay^ted about 10 or 12 
seconds, from which it may Iw calculated that the distaDce between 
the point in question and Mt. Hamilton was about 80 or 90 miles; 
the predominating direction of motion there being NNW and SSE. 
These data indicate a place near the Toniales Bay as the most 
central point of the disturbance. The ajiproximate position of 
the latter may be assumed to be at a point, Intifude :J8°J5'X, 
lowjitiuU 12:r\V. 

7. Tlte I'Jitifocal Zone. One of the poculiai' features in tho 
topography of the State of California is a straight depression 
whose direction is NNW and SSE and which extends through 
the valley of the Gualala River, and Tomalcs and Bolinas Bays, 
continued further south-eastwards for some distance. This 
depression, whicli must have been formed in l>ygone agfs 
by a great sudden eonvukioti of the earth's erust, or l>v the 
gradual luuuntain-making force uoirig along the I'aeifie (^Oa-t, 
shows signs of dislocations caused at no very remote epoch 
by some great earthquakes, and it is of a special interest tliat 
the earthquake of April 18th again produced along the same old 
weak zone a continuous series of remarkable surface manifestations 
of crackf?, depression, or horizontal f»lipping, constituting what is 
called a fault" in geology. This fault which has l>een mo.-«t 
carefully studied by Dr. Gilbert vl llie V. S. Ueologieal ^;urvey. 
Professors Lawson and Braimer, and other able geologists of thu 
Berkeley and Stanford Universities, begins on the north at the 
right-hand mouth of the Alder Creek, near Pt. Arena, and, passes 
into the ocean at the vicinity of Foil Ross ; it again appears at the 
Bodega Head and at the eastern si<le of the mouth of Tomalcs Bay, 
ci*osses to Invernefs on the xfest shoi'e of tfio isame bay, and then 
passes through tho vicinity of I't. lieyes rotation, continued to u 
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place about 4 miles to the west of the Stanford Univor.sity ; marked 
disturbances of the ground being also distinctly shown to the south- 
east, in the vicinity of Wright and Chittenden. The length of the 
visible fault is thus over 150 miles, being three times that of the 
fault line in the great Japan eartliquake of 1891. It is, further, 
extremely probable that the north-western part of the present fault 
is continued beyond Pt. Arena under the Ocean some 120 miles 
more and extends to the vicinity of Cape Fortuna. That the fault 
was not a mere surface phenomenon is shown Ity the appearance 
of the same disturbance across the tunnel near Wright Station, at 
a depth of some 700 feet below the mountain surface. See fig. 1 



8. nhem- •f ike Br«wma, The shearing movement of the 

gi-ound produced many remarkable results; roads, fences, and 
e\L'ry other {\\\n\i crossed by the lino of disturbance being cut 
apart and displaced considerably. There were cases, in which even 
large redwood trees were split by the shearing motion of the gi ound. 



(PI. I) and fig.2 (PI. II). 



Figure 4 




relates to the 
diear effect 
observed near 

Olima, a 
village situat- 
ed botwf'on 
the Tomales 
and Bolinas 
Bays. The 
fault passed 
just in front 
uf a house 



Sltear( Fault JLine. '• 
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House. 




Fig. 4, 
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(Skinner's Ranch) and produced a ivlative displacement of 16 feet, 
a girden walk being carried through tiiat distance from a to 

Fig. 11 (P). Ill) shows the shearing effects on a pier at Inver- 
ness» on the west coast of the Tomales Bay. The end part of 
tliL i>]':r was separated from the rest and was displaced about 20 
feet towards NNW. The direction of displacement in this particu- 
lar instance Mas opposite to the general direction of the relative 
slip aloDg the great fault line. 

Fig. ]2 (PI. Ill) shows one of the fault cracks produced 
among the hills above Fort Koss. It will be observed that the 
new disturbances appeared along a depression marked by a series 
of small ponds (shown at the right-hand side of the picture), these 
latter being traces left by a former gieat earthquake. 

1 ig. shows the remarkahlc compression and shear eJTects 
along unt- of the parallel fault cracks, ohv-orved on elevated giounds 
neai' the town of Manciiester, not tar from Pt. Arena. Afoot- 
scale placed in the foreground will show tlie size of tlie over- 
lapping earth pieces, whose plan is given in fig 8. 

9. M^emarkm om Sheafing MovmmeHts* For the sake of 
illustration, let us first consider cracks of a wall when the earth- 
quake motion is parallel to the latter. 

Let a h i: d (fig. 
5) he a wall whose 
hoUi Tii side o is 
fixed, either abso- 
lutely or relatively, 
while the upper side 
c d is brtaight to the 
position c'll' as the 
result of a isheariug stress in tiie direction of « to h. Then the rate 




Fig, 5 
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of the lengtli change of the line connecting a with any point t 

on the eide oi, will be greatest when the angle ^ is equal to 45*. 

Consequently there will be formed a series of cracks at right 

angles to the lines of gi'eatest elongation and at an angle of 45* to 

the base a h. 

Thus, ill the case of a 

strong liorizontal liiotion 

parallel to the plauo of 

the wall, there will be 

two sets of cracks at right 

angles to one another, as 

in Fig. 6. 

Fig, 6. 

Fig. 14 (PI. IV) illu.^trat( s sonic of the 
cracks of plastered walls observed in St. James 
Hotel, San Jose. 

Seconiar^ Cracks of the Ground. Along the 
fault line the ground was, as in other cases, 
very often bulged up, forming a narrow zone 
of 1 or 2 feet |elevation and some 5 or 10 feet 
width ns if raised up by a gigantic mole 
creeping underground. TJiis sort of ridge, 
whose formation was due to the shearing 
action, combined with a compression along 
the line of didocation, showed usually a series 
of secondaiy oblique cracks, as is diagfama- 
tically indicated in Fig. 7, These ground 
cnulcs were jKifcctly similar to the shear 
cracks of walls considered above. 

Figs. 8, and 10, show parts of 




B 



Fig. 7. 

AB. Fault Zone. 

CD Shear CcMkc 
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N 32*W 



t 




I. 

S32*E 



the fault Unes 
fouod near the 
town of Man- 
chester, not far 
from Pt. Arena; 
tlie dotted lines 
in tnch figure 
indicating the 
directions of the 
secondary shear 
cracks. Fig. 8 is 
the plan of the 
remarkable dis- 
turhances sliown 
in Fig. l.'J. In 
I'igs. U and 10, 
the angle 
between the 
main fault line 
and the shear 
cracks varied 
1 ul wcrii 11 and 
47 . Ill Fig. 8 
however, there 
was evidently a 
very strong oom- 
IMcssion, and 
the shear angle 
was smaller, 
namely, 12 . 
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I have measured the shear augle in 11 other cases, where it 

varied between 35** and 



N34'W 

A 



4T; the total average 
value being 40". 

If the slicar be ac- 
companied by a liorizon- 
tal compression at right 
an^es to the fault line, 
the angle between the 
latter and the shear 
cracks will l>e smaller 
than 4.J , as suggested 
by Profes.sor A. Jnoknly, 
of the Engineering 
College, Tokyo Imperial 
University. The co- 
existence of a tension 
normal to the fault plane 
will, on the other hand, 
make the same augle 
greater than 46*, 

10. 

wUh the 

Xkarih9nmk€ March 
iTfft, im. The local 

but verj' severe earth- 
quake in the Kagi 
Prefecture, Formosa, on 
March 17, 1906, produced also remarkable surface dislocations, in 
which the vertical depression and the horizontal shetu- each 




Fig. 9. 



S34'E 
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amounted to about 8 feet. The angle between the direction of the 
main fault and that of the shear cracks iv*as on the average 43°. 

11. MMHaaiipa, €fe. In the meizoseismal area, there were 
great many cases of mountain slides. The most remarkable 
among these was that which occurred near Gape Fortuna (False 

Cape), where an enormous 
.\ ii7 VV quoiitity of debris wa? detach- 

imI from a iiit.juiitaiii -iilc ari<l 
was pu.slied into the Ocean, 
creating a new promontory of 
about 3/4 mile length. 

At Moss Landing, near 
Salinas, there were great 

Jiuri/.»)ntal disturbances of tlu; 
sandy groinul; the oflicc of 
the stntidii nucnt being dis- 
placed about 15 feet relative 
to the adjoining fence. 

IS. IMfeeHon 0/ MMi0n 
iM San jni^nmimeo. Fig. 19 
(PI. VIT) sliows the direetions 
towards Avliieli 520 nionumeuts 
S37"£ at tlio different cemeteries in 

San Francisco and the vicinity 
were overturned by the earthquake shock. It will be observed that 
the greatest number of the monuments were overturned towards 
the east or east sliglitly north. The mean direction of overturning 
is NTCE. which ma\- l>e regarded as the direction loaanl wluch 
Uie gixiatest horizouial dissplaceuieiit took place* 




Fig. 10, 



8«e tbe " Pablieations," Xo. 4. 
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la. Hclaiiait to the Great fautt of the Vireetiona of 
Motion at the ueiahboHritiff piavvM. 'j he approximate directions 
of the principal or strongoj^t motion at the different places on or 
near the fault, each determined from numerous overturned 
bodies, were as follows: — 



1 « • « V ■ 



« • ■ • « « 



San I' raucisco .. 
San .Toso ... .. 

Chittenden 

Watsonville 

Santa Hosa 

Tomales 

Pt. Reyes Station(Kast side of Fault) 
rt. Arena ... . 
Inverness 

Pt. Seyes Station (West side of Fault) ... 
Wriirht 

WWJ^ B m m >■* *«a v*4 



N7G°E. 

NE. 
N. 

N. 
S. 

NNW. 
NW. 
WWN, 
N. 



The mean general direction of tlie fault is N 37° W— S37' E, 
this being exactly identical with the direction of the great depres- 
sion 2one before mentioned. The places in Group A are situated 
on the eastern side of the fault line, while those in Group B are 
situated on the western side. It will thus be observed that at the 
J (Jronp i)ljices tlie direction of motion was mostly towards North, 
North-East, or Nortli-Kast by East; while at the H Group ])Iaces, 
the direction was toward Nortli-Wust, North, or North- West by 
^^'est. Thus, on the whole, the motion on each side of the fault 
line had a tendency to diverge, or to be directed away, from the 
latter. This can be explained on the supposition of a subterranean 
collapse, or settling down, which would produce an initial inward 
motion, to be followed by the second and larger outward displace- 
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ment. Further, the directions of niotinn at tlie different pl;iro> 
were mostly northward, and not soutliward. This would mean 
that the whole nieizoseisnial zoue was first puslied towards SSE, 
the second or counter motion, which was gi'eater, being conse> 
quently directed toward NXW. I presume therefore that the 
action, which caused the great earthquake of April 18th, was a 
sudden movement towards Sonth-East by South of the earth's 
crnst at tlie west coast of California, acconjpanied l)v some <lown- 
ward thrust. In thii coHniction it is cvlieHiely interesting to 
note that Mount Tarnalpais on the north shore of the Golden Gate 
has been ascertained, from tlie trIn;onometrical measurements, to 
have moved, between 1851 and 1882, 5.C feet towards N 12 ''W, 
indicating that the earth's crust at this part of America was being 
strained toward the same direction. The ground on the eastern 
side of the fault line was generally displaced toward S S K relative 
to the ground «»n the other side: the amount of the horizontal slip 
was maximum at i)hu'e> lietween Ti. Arena and I't. licyt.'S Stiition 
and varied from Kl ft. to 20 ft.; the aniount of displacment 
decreasing to about 8 ft. at Woodside, near Stanford Universit}-, 
and to about 4 ft. in the vicinitj' of Wright From the uniformity 
of northwiard direction of motion it is probable that both sides of 
the fault line were displaced toward NNW, but the west side wa?? 
moved more than the cast ^^idc, the amount of the horizontal slip, 
or shear, aliove niL-ntioned bcinii; merely relative or difTert.'ntial. 
In the majority of cases the etu^tern side wuj* depressed, tlie 
maximum amount being 2 ft. 

14- From the comparatively very small number of after- 
shocks, I am inclined to suppose that the main source of the 
earthquake was situated some considerable depth below the 
surface. In fact the earthquake seems to have been caused by a 



Digitized by Google 



PL. III. 




h'lg. II. Th)' dliwiriny: <-fffc(s on a pier nt lnviTni>iw. <>n tlu- wi>i»t coast of th<» 'roinol*-* 
Kajr. The ead yatt of the ^lier was displaooil alK)Ut i*' f«.«t«t towards XXW. 




Fii^. n. Koiinrkulilo onti'prtfKsirtn and eh<<»r ••ffvi-tM ixlonir on-; of thf fnult onicks, 
t rodiie-d on elt'iratt'd ^rnund-i twxr I't. Ari-tiii A fihit-si-jilf pi lOtl in the loreKrviuud »ln»n« 
the size of t\i<i ovi'rlupj'ing iMrth pieces, whose plaa is ^iveu in H^. 8. 
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Viff. 12. Onp of the fault cnu!kR pro<lncod anion? the hills altoTP Fort Fobs. Th<* n«"w 
diKturhnnrfs iippear»''i nlon(f a (inprt'saion iimrkt'il liv a Foriea of sninll ponds (shown nt the 
rit;lit-hauU tide of thu picturu), which are tract's left a former oarthqiiuke. 




Fi;f. 14. Som«» of the cracks of plastcritl walls, in St. Jiiiik s Ilotol. Snn Jo*?. 
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l"\t;. 15. Ti l- iluuiu>;i(l ct inlitiou of tlio ni'wl.v trn ttnl Lil.mry of the Stanford UnWer- 
•ity. 'i he ceutral steel dotue Ix^imvod as an elastic inverted peuduluui. 




Fijr. Tlif ruinp<l Ci'niliiu n <f a stiol-tr iun'»l I rick h<im'i' in San Kruncifoo, which 
Wiis d\n!iiuited and then burnt, showing the reuiarkalle c-lfects t>f the inteUEu bent. 
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The Olworvfttory on the top o? tbo Strawlwrry llill, in tho Golden GaUs Park, Sau 
Fnmcisco, built of ruiiiforcuil cuucretti. 





Fijf. 18. One of tbo criicks of tho lioscniont wall, 'l lic sixel cable, one inch in diameter, 
which was euibcUdcd in the coucrut*,', \vu« broken. 
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disturbance which took place along the old weak line but extend- 
ed deeper into the earth's crust. The great depth of the main 
source of disturbance also explains why the intensity of motion 
was comparatively not very violent, and also why some places 

sucli as ^imhi Roj^u, l>au Jose and Ferndaie, not directly on the 
fault zone, were also badly >]i;ikrn. 

15. JCarthquake Datnaffe. Th'if> earthquake enabled us, for 
the first time, to study the effects of the shocks on steel-brick and 
reiufoioed concrete buildings; thei*e being also numerous other 
damaged structures, such as ordimiy brick, stone 1 wooden 
houses, bridges, water-pipes, etc In San Francis^^^he earth- 
quake was followed by fires, which broke out from several places, 
continued for three days, and entirely destroyed the principal 
business quarters of the city. The total area of the burnt (Hstricts 
was 1.1 squart' miles, which is eqiii\;dent to G times the area 
of the great Loudon hre of 1660. The amount of casualties 
was, however, comparatively small, the aseertaiued number of 
persons killed being about 390. The total number of the killed 
in the whole earthquake area was probably not more than 1000, 
the loss oi life in Santa Rosa, Stanford University, and other 
struiiuly sliakon j^laccs beinsj: slight. In San Fraticiseo, serious 
damage was conliiied to the flUed-up gi"ounds, where the 
TiKition was not so strong as in tlie cities of Xagoya (max. jic- 
ceieration~2600 mm. per sec. per sec.), Fukui (max. acceleration 
—2500 mm. per sec. per sec), etc., on the occasion of the great 
Mino-Owari Earthquake of 1801. The double amplitude of 
motion in San Francisco was pi-obably some 4 inches, and the 
complete period of vil>ration about 1 second. 

Fig. 15 shows the damaged condiiion of the newly erected 
Library of the Stanford University. The cential steel dome. 
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which is virtually an elastic ioverted pendulum, evidently much 
vibrated, thereby causing destruction to loosely connected brick 
and stone parts of the building. The niortar used for cementing 
the masoniy walls was of an exceptionally bad quality. 

The datiia'jc' to the City Hall of Sun Fiancisco was also 
principally <lue Uj the ^>ame two circumstances, namely, the vibra- 
tion of its high steel tower, and the bad quality of mortar. 

Fig. 16 (PI. V) shows the ruined condition of a steel-framed 
brick house in San Francisco, which was dynamited and then 
burnt. The effocts of the intense heat is remarkable, the steel 
frames being distorted in every possible form as if they had 
been formed of a soft maleable metal. 

Fig. 17 (PI. VI) gives an outside view of the back part of 
the Observatory on the top of the Strawberr}' Hill, in the Golden 
Gate Park, San Francisco. This building is of reinforced concrete 
and furnishes a good demonstration of the strength of such 

structures. The Observatorv was indeed seriouslv damaued and 
its front portion fell down to the ground, ' ut this was on acc<»unt 
of the weakness of tho foundation ground which was mostly 
a filled-up one and was considerably crocked and depressed. 
Fig. IS shows, in a larger scale, one of the cracks of the basement 
wall, similar to that shown in Fig. 17. The steel cable, one inch 
in diameter, which was embedded in the concrete, was broken. 
The use of steel cables in concrete Avails thus seems to be objee- 
tional»Jc. as they are more liable to rusting than solid >1oel bars. 
None of the latter used in the concrete walls and tloor of the 
Observatory, whose section was half inch square, was found 
broken ; tho adhesion of concrete and steel being also very good. 

16. Mt^eetU Sei«mtc AetivUv, Keccntly there have been a 
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Fig. 19. Dbgntm ihowuag dw ovwrtaning dinotkna of 520 
UbmuiMintt in Baa Vmumoo and tiM 'Vleuii^. 

phaih null cro«s ( X ) indicates a monument OTerthrown in 
tiM diieotioa of tiie Mdiu on wbioh it liMj 
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number of gieat eartliquakes in different parts of the world, 
especially along the following two zones : — 

(A). The Pacific coast of North and South America. 

(6). Himalayas and North Mediterranean zone. 
Next two give a short account of the earthquakes belonging to 
these two zones. 

17. M-kttttiqnakeii alottg the IFe«f t'oanf of North atul 
South A.tuerica, Within the 7 years preceding tlie San Francisco 
earthquake of April lb, 1U06, there were, along the Pacific coast 
of the American continents, seven great earthquakes, on the dates 
as follows : — 

(i) Sept. 4 and 11, 1899 ; and Oct. 9, 1900. 

(ii) Jan. 20, 1900 ; and April 19 and Sept. 23, 1902. 
liii) Jan. 31. lOUd. 

Of thu above 7 eartiiqiuikus, tlie three of gi'uup (i) look place 
off the south-west coast < ♦ M ska, two of them being accompanied 
by great tidal waves. Tite three earthquakes of the group (ii) 
strongly shook Mexico and Guatemala (Central America); while 
the earthquake of group (iii), which was accompanied by tidal 
disturbances, caused considerable damage in Panama, and the 
west coast of Columbia and Equador. The approximate positions 
of these three s^rouj)- of eartiiquakei are marked in Fig, 20 
by (lotted lines, 1, and S. 

As the west coast of the American continents is one of the 
great seismic zones on the earth, it is to be supposed that the 7 
destructive earthquakes above enumerated were not separate or 
local phenomena, but were the results of great stresses going on 
.along the Pacific coast zone extending? from Alaska to South 
America, manifested at its north aii'l middU' [)arts. Hence an 
event most naturally to be expected would have been the exten- 
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sion of the seis- 
mic disiurbflnce 

to the West coast 
of the I'nitetl 
Statos, which so 
far Jiad been 
free fiom the 
visitation of dis- 
astrous earth- 
quakes. Now 
thi?^ apprehend- 
ed event lias 
finiiliy taken 
place on April 
8 of this year, 
the approximate 
position of the 
origin l>einii in- 
dicated in Fig. 
20 hy ii thick 
Fig. 20. line marked 

The great San Francisco earthquake may therefore be regarded 
as having completed the continuity of the .<eismic activity along 
these districts, which latter thus become, for a certain nun}ber of 
\eai's, pay 20 or 30 yeaiv^, ficismionlly a vety safe place: hirffe 
earthquakes, wliich remove a great un^tahiHty in the earth's crust, 
never happening :>ucce.'^r^ively at one and the same place. 

During niy recent sUxy in San Franci«?^ 1 explained on 
several occasions reasonings like the above to newspoper reporters 
and others, also pointing out that even in the case of a future 
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destructive eartliquake, the intensity of motion would not be ex- 
tremely violent, so that a slight amount of precaution taken in 

building houses would ensure an jilinost i>crfc'ct immunity from 
earlluiuake siiocki;. As to tlio ])riili;iMu pu.-.ilion of the next groat 
sin ( k on tlio Pacific sido of America, I exj^ressed my view that it 
would be to the south of the equator (that is to say, Chile and 
Peru),* as it was vejy likely that the seismic activity would extend 
to either end along tlie great ssone in question, and as the coast of 
the countries above named are often visite<.l by strong earth con> 
vulsions. I departed on Aug. 4 from San Fmncisco for home, 
and arrived on the 'I'lud of the wune month at Yokohama, hr.-t 
there learning of the disastrous ^hoek of Valparaiso, which confirrn- 
e<l niy andt ipntioii. The approximate position of the origin of this 
last earthquake, whicli took piaco on Aug. 17 (lUOO) is indicated 
in Fig. 20 by a thick line marked S, 

The great stresses going on along the whole Pacific coast of 
Americn, which thus resulted in the occurrence of a series of great 
earthquakes, seems to be connected with the growth of the Kooky 
and Andes mountain ranges; the \'al|)arai-o earthcpiake bringing 
probably the 'jrcdl seismic activity along the zonu mider con- 
sideration for the time to an end. 

19. Aeiivtty 9i0nff the JHmmtoya» mud North MedUerrtme- 

an Z9M«. With regard to the seismic activity in Asia and Europe, 
it is to be noted that the unusually severe eruptions of the Vesuvius, 
which began on about April 7th this year, lasted about one week, 

and ended on the 13th of the same month. On the following 
day, namely, April 14 (IDOti) there luok I'lace the destructive 
earthquake of Kagi I)islru-t (F(iinio>^a). in which 1241) persons 
were killed. Four days later on there took place the great San 

• ThU in wlwt 1 puUidied ia tho San FnateiKo SulUtin of Jud« 13, tSOtf. 
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Francisco earthquake. Whether there existed or not a connec- 
tion between the Vesuvian eruption and these earthquakes, it is a 
matter of fact that there was a great seismic activity along the 
whole length of the zone extending from the north coast of the 
Mediterranean to the Himalayas, and possibly to Formosa. The 
(lifFcrent eaitli(|uakes heloiiiiing to zona in 4ue.stiun, which 
happened recently, are as follows : — 

(i) Aj^sani and Bengal, (India), June 12, 18U7. 

(ii) Aidin (Smyrna), Sept. 20, 1809. 

(iii) Schemacha (Caucasus), Feb. 13, 1902. 

(iv) Kashugar (Turkestan), Aug. 22. 1902. 

(v) i5aloniki (Macedonia), April 4, 1904. 

(vi) Kajii (Furnios=a), April 24, 1904. 

(vii) .. ( ), Nov. (\ v.m. 

(viii) Kangra \'alley (the ruiijal*, India), April 4, 1905. 

(ix) Calahria (Italy), t<e])t. S. IDd."). 
(z) Kagi (Formosa), March 17, 190C. 
(xi) Kagi( ), April 14, 190C. 

Thus great earthquakes took place at the different parts 
of the zone stretching through Italy, Macedonia, Asia Minor, 
Caucasus, Turkestan, the outer side of the Himalayn.-:, ami For- 
mosa: this proving that the underground stresses were grow- 
ing along the whole zone. As the seismic disturhances ahove 
enumerated occurred in the same epoch as those belonging to the 
American zone, it is extremely likely' that underground stresses 
I'eached a maximum all over the earth, resulting in a marked 
display of seismic disturbances along certain zones of weakness. 

19. Ci»raerw«/4»M. Future studies in various phenomena con- 
nected with tla iiin\( inents of the r-arth's crust might perhaps 
tend to advance our knowledge respecting tha problem of tlie 
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prediction of great earthquakes, which are often preceded by what 
may be called fore-shocks/* In the meanwhile, and always, it 
will be necessary to build houses and other structures strong 

enough to resist eartlu^uake shocks, u problem which presents no 
gi'eat dittieiilties. 

Tokyo, Nov, 1. 1906. 
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Preliminary Note on the Seismographic Observations of the 
San Francisco Earthquake of April i8, 1906.^ 

By 

F. Omori, Sc. D., 

Member of the Iiupcrial £urtlii|uakc Investigatiuii Coiuiuittoc. 

I. In response to my circular asking for a copy of the $«ci&ino* 
graphic or mapnetoma]>hic recoixis of the San Francisco earth- 
quake of April is. 11H)0, phot' .iiapllic or printL-<l roprodiu tions of 
the diagrams li:ivo lu-en sent in from the follo^Ying stations : — 
Lid. < fhsirratorij : \\'iisJnit<it'>t!^ t'Jiiltcnluun : Tiifuh'i;:'i (Mexieu); 

]'ictori<i, B.C.; Toronto ; Honolulu : Miziis<tn-ti ; O.^ak i ; Kolw : Tatl't.'Ht : 
Taihcku (Formosa); Paisley; Edinburgh ; Kew ; Shule (Isle of Wight); 
Strasshttrg; Poln ; Quarto Casti'Uo, Querce and Ximeniano (Florence); 
Casameeiola and Porto d'lschia, in the Island of Ischia; San FermiHilo; 
Tashkent ; Cairo ; Ao;lrtifeifKif (Madras) ; Calcutta ; D<*hra Dun: Bafatia; 
Miuiild ; Zikin-i.i (Shanghai); ]\\'ll>iiij!un and ChristrJiiiiyh (\e\v Zea- 
land); I'lio lU Jnuii-'K I take this i)p]K)rtunity of e.\i>ii'-.-ing my 
thanks to the seismologists in eliargu of th».'«e ol^.-rx alories for 
having so kindly supplied ine with the results of their observa- 
tions. 

Table 1 gives a list of the latitude, longitude, epicentral dis- 
tance, and the time of occurrence of the 1st preliminary tremor 

for Tokyo, and for each of the 35 above-mentitmi-d >tations, as 
well as ol other places, namely : — r>a-kt:Uif; lliioh (Cahluiiiia); 
Builiiiixri' : J'tiilihrin (Kansas); <>itiir.(; \icju<!s (I'orto l>'i''o): Sitka 
(Alaska); Merjfen (Xorway); Uaminwij; Uottingeii; Heidelberg; Jam; 

* A DOtfl on the Tokyo obenvBtioB of th« San FhucIko outhquebe, vith oa« of the aeiem^ 
gnnu, "baa h'xm givon in tho PnUianlom f»/ the Knrthq. lav. Comvi., Xo. SI, App. 11, 
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Kmkau; Kremsmut'iixter; I'l'cniM; [.(lihich: IJiuLipcst; O'Gijalla: Tritst; 
Finme; Za^eb (Croatia); iiarajevo (Bosnia); Agram; TorUm; Ebro; 
Cartuja (Granada); Btlgmd; Hojia; Jurjetv; TijlU; FretnantU (Aus- 
tralia). The times of commencement of the 1st and 2nd 
preliminary tremors relating to these latter places have been taken 
from J)r. Bnuoi*:^ paper, entitled Seij-moiirajili and mapneto- 
graj>li iLC<»rds of llie San Fraiiei^eo i.arllHiuak<% "* and from 
the liionthly or weekly reports of the different seismological 
observatories. 

The velocities of propagation corresponding to the commence- 
ments of the Isi and 2nd preliminary Ij^mors are denoted by v, 
and Vfi the calculation being made both according to the " direct 
method" and the *' difference method", as explained in one of 

the preceding Articles. and L denote respectively the times of 
commencement of the 1st and 2nd preliniiii;ii y tremors at a given 
station, whose epicenti-al distance is 4 denotes the time of 
earthquake occurrence at the origin. 

In the calcniation of the epicentral distance of a station, the 
])Osition of tlic seiMuir laiyiti lias been fixed according to the 
])receding Ardcle, at ii point, iatttndf 38' 1.5' N, Imijituih' 12:)MV ; 
the time of conmu ncement of the earthquake motion at the origin 
being assumed to be 13" 12" 00' G..M.T. 

* The Popular Scitttee Mvathlff, August, IflOtf. 
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TAIiJ.K I.— ORSERN ATION OF THE .SAN J KANCISCO 
EAKTUQUAKK OF APRIL 18, 1906. 

.iTiiiM determiiwd from uMigiwtogMBU.) 



Place. 



Position. 


Epiceiitral 
Distance. 

«9 


Ijatitude. 


Longitude. 



ortgin jaris' — Nim" — w| 

United States. I 

Ilniversitv, Berkeley 3^ 52' 2 J" X 12'2''15'H"W 

Lick Observatory :rr 20' 25" N 12r38'44" W 

Ukiah 39' OS' 1 2" y 1 Ih"] 3'— W i 

38'54'1&"2J| 77W06"W| 

a&*44' — N| 76W3a»Wl 

Baltimore 39M 7' 4K" N 7(r37' 1 2" \V 

Baldwin.. 3*^47' — 2^ U5H0'— Wi 



Washington, D.C 

CbelieobAm 



Mexico. 

Tacubaya 



Canada. 



jy'24'i&'N y&nr37"Wi 27^ 67' la n 58 



Time of 
occiirretice 
(G.M.T.) 





42' 


13 12 31) 


I 


24 


13 12 12 


0 


54 


13 12 17 


35 


32 


13 19 20 


35 


44 


113 19 24 
113 30 00* 


35 


40 


13 19 24 


2L 


42 


13 24 — * 



Victoria, B.C 


-18^27' 




N 


123'22'— 


w 


10' 


12' 


13 


14 


12 




, 43" 39' 


3G" 


X 


79'23'24' 


'W 


32 


59 


13 


19 


18 


Ottawa 


45*26' 




N 


75'40'- 


w 


35 


37 


13 


17 


59 


Porto Bico. 
























1&*09' 




N, 


65*20 — 


w 


53' 


38' 


13 


2i 


17 


Alaska. 
























57' 03 






135'20'— 


w 


20' 


29' 


fl3 
ll3 


17 

22 


01 
54* 


























any 




N 


153'04'— 


w 




63' 


,13 
U3 


19 
27 


30 
48* 
























Mizasaw.-i 


.39^ 08' 




N 


I4r07'— 


E 


70" 


50' 


13 


24 


07 


Tokyo 


35" 42' 


29" 


X 


ia9^45'53' 


' E 


73 


41' 


13 


24 


35 








N 


I35"3r— 


E 


77 


04 


13 


24 


24 
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Plac«. 



Kobe 

Tadotsu 

Taiboku(Formo8a} . 

Great Britain. 

Paisley 

Kdiubargb 

Kcw 

Shide (New Tort).... 
JBirraiDgbam 

Honraj. 

Bergen 

Gemany. 

Haiuhurg 

(.Tottingen 

Heidelberg 

Jena 

Btrossburg 

AuBtria-Himgafy. 

Krakau 

Eiemsmflneter 

Vienna 

Lai bach 

Budapest 

O'OyalU 

Pok 

Triest 

Fiutne 

Zagreb 

Sarajevo 

Agram 

Italy. 
Quarto Castello .... 

Que i ce 

Ximeiiiano 

Porto d'Ischia 



i'oi>jUon. 



Latitude. 



•64" 4r — N 
34" 17' — N 
26*02' — N 



55=51' — N 
55" 57' 23" N 

50" 42' — N 
5-2° 2»' — N 



53^ 83' 55" N 
51° 36' — K 
49" 23' 56" y 

50° 5G' — X 
4b' 35' 00" 



50' 03' 
iff OB' 
48'' 13' 
46° 03' 
47' 22' 
47" 52' 
44° 51' 
45* 38' 
45° ly 
45° 48' 
43' 52' 
46*50' 



50" K 
— N 



55' 



N 
N 
N 
N 



29" 

24" 
40" N 
45" N 
5C)' N 
54" N 

— N 

— N 



Longitude. 



Epiceutial 
Distance 



135''11'— E 
133°46'— E 
12m'— E 



4^25'^ W 
3°lO'4(i"W 
0*18'46*W 

ri9 — w 
r53— w 



43N9'irN 

43° 47' I s" N 
4h' 4(j' 4G" ^' 
40° 44' 27" N 



77' 17' 
78 27 
92 S3 



72° 27' 
72 53 
77 17 
77 25 
75 54 



&'25'— E| 72' 38' 



10'01'IU" E 7«/ 38' 

l»"o8'— Ei Si 15' 

5°58'44*B| 81 28 

ll'.l.r— E' 82 21 

7WJ0''E| 82 49 



iy°57'36" h: i 
UW— E 

16"20'23'' E I 
14°3l'— El 
19''03'55" 
18'"-52'32" E , 



l;iV)0'44" E 



13^4 5'45" E 
14'25'40" E ' 
15".-s'4S" E I 
IH'44'— E 
16*08'— E 



85" 51' 

85 40 
8f) 17 
87 2'J 
87 5G 

87 23 

88 15 

87 33 

88 05 
88 13 
90 53 

86 16 



11*I3'I1*E 88 *05 

iri(;'42"E 8s OS 

iri5'24"E| 8S OS 

lS%&3r E 91 40 



Time of 
occarrence 
(G.M,T.) 

h m a 

13 24 23 
13 25 07 
13 27 20 



13 23 12 
13 23 30 
13 25 42 
13 25 00 
13 25 03 



13 22 4G 



13 24 32 
13 24 34 
13 25 28 
13 24 34 
13 24 .56 



13 35 48 
18 24 25 

13 25 42 
13 25 25 
13 

13 25 20 

13 2) 50 
13 24 33 
13 40 00 
13 25 25 

18 26 17 



13 27 15 

13 'J 5 00 
13 20 25 
13 2() 59 
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Plnoe. 


Position. 


Lititude. j Longitude. 


Diaunce 
*• 


Time of 
occurrence 
fG.M.T.i 






lo''54'l2" 




\)V W 


li m »■ 

la 26 On 


Spain. 








*So 14 


13 2u 00 


Sail i^'ermiudo. 


30' 27' 40" ^■ 




\\ 


Tortosa 


40** 49' — N 




E 


H6 H7 


13 24 55 


Cttrtn ja (Granada) 


37" 1ft' r." N 


OOo'io" 


1- 


HS OS 


\:\ li 40 




40My' 12" X 


U 2^ 40 " 


K 


Ho 3b 


13 24 5u 


Servia. 














44' 4W — i\ 




K 


UO' 33' 


13 '66 r}4 


Bnigaria. 


42' 42' — A 


2a'20' — 




93' 28' 


lo AO uu 




E 


Bmsia. 












Jm jkiW 


5S' 2.V — N 


2 r42' — 






1:5 21 .{'.1 


Tjllu 


41" -13' Oi>" i\ 


■i447'5r' 


K 


yj iti 


16 27 17 


Taschkeiit UlMS'Sr X 




K 




m >>^ nn 

1«> Uv 


Egypt. 










1 4 01 
13 .^1 






E 


107* 35' 


India. 














10' 13' 60" N 


77^27'4C" 


E 127* 5 :V 


13 31 36 






tiffW — 


E>112 25 


13 19 54 




&>Gf^ — 8 


106*50' — 


E 


117 18 


13 82 54 




WM'iV X 


l20"-58':i;i" 


!•: 


100 14 


l.{ >22 40 




31 U'33' .Nil2ri0'4u" 


K 


24 


13 34 59 


Nevr Zealand. 














41" 17' — S 


174^47 — 




07' 40' 


13 20 30 








K 


lOO?* 23' 


13 33 36 


Brasil. 














22* 54' 24' S 


43'10'2l*W 




13 59 4I(?) 


Australia. 












Freiimni 'i' . . . 




II.VII' 






1:; : ■ 
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Table II gives the times of occuiTence of the 1st proUmiDaiy 
tremor at the different station?, divided into a number of groups, 
accoiding to the epicentral distance ; those places, inrhose time 
obserMitions are apparently not quite exact, being provisionally 
excluded. 



TAKLE II.— SAN FRANCISCO KAliXHC^L'AKE OF 

APKIL 18, 19UG. 



]>lfrercut ^itatlous divided into GroMiM. 



Place. 



Epiceutral Dis>tauc«j i Tiaia of ocouneuce 



Origin. 



i 



Vicloiia, B.C ( 

Sitka i 

TAcabaya | 

Haiiolulu I 

Toronto I 

Meaa 



10^ 12' 

'20' 29' 

27* 67' 

30" 36' 



I 



«fj(G. M. T.) 



13 12 00 

16 U 12 

13 17 01 

13 17 58 

\:\ 19 HO 

13 11) la 

13 18 55 







27' 


13 


17 


.yj 




...» 


82' 


13 


19 


20 


Cbelienhatn ... 




•14' 


l:j 


19 


24 




4'i' 


U 


19 


24 




35^ 


37' 




19 


02 




55' 


38' 


13 


22 


17 






50' 


13 


24 


07 


Tokyo 


i o 


41' 


13 


24 








04' 


13 


24 


24 


Kobe 


77' 


17' 


13 


24 


23 




74* 


43' 


1 13 


24 


22 




7*2» 


38' 


: IS 


22 


46 
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TABLE Ih— Continued, 




Paisley 

Edinburgh .... 
Birmingham . 

Kfw 

Shide 

Hambarg .... 

Jurjew 

Gottingen . . . 
Heidelberg .... 

Jena 

StcasBbur^ ... 
Meau 



San Feinando 

Ebro 

KremsmuDSter ... 

Vienua 

Toriosa 

O'Gyallft 

Laibacb 

Triest 

Quarto Cistello ... 

Querce 

Ximeniano 

Cartuja (Granada) 

Zagreb 

Fold 

Agrain 

Iscbia* 

Taiboku 

Sofi* 

Mean 



Wellitigton 

Tiflis 

Tascbkeiit 
Batavia ... 
Kodaikanal 

m 



72" 
72 
75 
77 
77 
79 
80 
81 
81 
82 
H2 
78 

Ha" 

H5 
80 
8(3 
87 
87 
87 
88 
8'^ 
88 
88 08 
88 13 
15 

ir. 

45 
28 



88 
88 
91 

02 
1)3 



97 
99 
US) 
117 
127 
103 



27' 

r>H 

54 

17 

25 

38 

05 

lo 

28 

21 

49 

01 

14' 

86 

40 

17 

37 

26 

2'> 

yy 

OS 

08 



88 09 



40' 
IG 

9A 



Time of oecnmuce. 



hi 12 

18 2^ 80 

13 25 03 

13 25 42 

13 25 00 

13 24 82 

13 24 89 

13 24 34 

18 25 23 

18 24 84 

13 24 56 

13 24 29 



18 



18 



1 i 
18 
18 
13 
1» 
13 



2') 



28 
32 
31 
29 



18 25 06 
18 24 55 
18 24 



25 
42 



13 24 55 

18 25 20 

13 25 25 

18 24 88 

13 27 16 



00 



13 2li 25 

18 24 40 

18 25 25 

13 25 56 

IH 25 17 

18 2r. 84 

13 27 20 

l-H 25 00 

13 25 31 



8(1 
17 

or, 

54 
36 
18 



* Meau of Porto d licliia anJ Caisiuuicciola. 
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S. Veioeity 0/ JPropaguiHtn •f the lat J>e WMiiw «r y lycMMT. 

•BIBXCT MBTHOD.** 

(i) * Victoria. B.C. 

x=m2'=H33 Am. 
/, = 1»'14«]2« 
ft-^o=2"'12'=:l82 sec. 
V| SB 8.58 km per aec. 

(ii) * Sitka. 

35 = 20° 29' =2276 

6^1'=30 1 sec. 
i^s7.55 Am par see. 

(iii) Taeubaya, Honolulu, Toronto : — 

M0«M «s80* 86'sz3400 jb». 

T>|— 8.19 hm por tco. 

(iv) Eastern I'aits of Canada and the United States :- 
Ottawa, Washitiglon, D.C, Cheltenham, Baltimore^ 

Mean x = 35° 37' = 3956 km. 

fi = Pl9°02* 

0|s9.d7 Am per aec. 

(v) * Vieques (Porto Bico). 

«s6d* 38'»5958 Am. 

<i~^sl0»17*s617 Mc. 
t;iB9.66 km per sec. 

(vi) Japan: — Mizimum, Tokyo, Osakaf Kobe. 

Mean x=l-i'' 4a'=a30l km. 
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P. Ouori: 



fi-i,= l2°^2» = 74'2 sec. 
ri=ll I'J km per sec. 

(vii) Norway, Great Britain, (icrnmny, Russia: — Berfftn, 
Paisley, Edinbimjh, Birmingham^ Kew^ Shide, Hambwrgj GoUingetif 
HeidMiergf Jem, Utrassburgf Jurjew, 

Mtan x=7S^ or=8867 km. 

fi = ll..>7 km per sec, 

(viii) Spain, Austro-Hungary, Italy. Burgaria, Formosji: — 
San Fernando, Tortosa, Kremsmuaister, I iVnmi, (yGyalla, Laibach, 
Trieste Quarto Castcllo, Qutree^ XimenumOf Cartiga^ Zagr^^ P<Aa^ Agfom, 
TiM^t Taikdku, iSo/!a. 

Mean «=r88° 09 =9793 Am. 

r, = r2.0s I nt per sec. 

(ix) New Zealand, Turkestan, Java. India: — WelUngtoiij 
ChriUchwcht TifiiSf Tasehkeut, liatavia, Kodaikami. 

Mettn «sl08° 21'= 12038 km, 

^-/,»17»I8^ssl038 aae. 
Vi»lL60 km per tec. 
Ezduding provisionally the three cases of single observar 
tions, (i), (ii), and (v) marked with attmikSf the six groups (iii). 
(iv), (vi) — (ix), may be divided into two sets as follows: — 

f a: =30° 36' ; r,=8.l9 A m per sec. 

(*) (i i), (iv) \ ^ 

^ ' ^ " I 3.^35.37'. ,,^=t).37 

Mean 1=35" 7'; r,=8.78 

r = lA° 43' ; ri=ll.l9 km per sec. 
78 01 11.57 
88 09 12 OH 

108 21 12.00 



(P) (Vi). (vii), (vlii), (ix). 
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KesB «b87* 19' 0|slL61 km per sec. 

Comparing the latter value with the velocity deduced by 

" dilTei-ence method " given below, we nbtain: — 

V| (difference method) _ 13.97 _j^203 
t>i (direct method) " 11.61 "~ 

This ratio is to be regarded as holding; good, so far a.s the 
velocit^^ cnlcidattid hy "direct metliod " is concerned, for the 
distance x of about 70'' to 100°. 

The relation between the ^ and th calculated by "direct 

method," for the six groupe (iii), (iv)i (vi) (iz), is graphically 

shown in Fig. 2, PI. IX. 

In calculating the velocity t'l by the "difference method", I 
have taken only the mean values relating to the Groups (iii), (iv), 

(vi) (ix). The relation between the time of commencement 

and the epicentral distance is illustrated in Fig. 1, the dotted 
curve being drawn with free hand through the mean poaition. 
Assuming a linear relation between the time of eonunencement 
and the epicentral distance for the limits of the latter quantity 
given by the groups (iii) and (ix), as indicated by the straight Hue 
in Fig, 1, and calculating by the method of Least {Squares, we 
obtain 

t?i= 13.97 Am. per sec. 

S. VH m e Hy of PropagaHan of the 9tut ^rettminary IWmor. 

Table III gives, for 21 different stations, the epicentral dis- 
tance and the time (=^ of commencement of the 2nd preli- 
minary tremor ; the stations being grt)ui)ed as follows : — 

Group (i). United States and Canada : — TorontOt CheUeiihamj 
BaUimwe. 



36 F.Ouoti: 

Group (ii). Japan : — Miimcnpa, Tchjo, Osaka^ Kobe. 

Group (iii). Central Knropo: — Jlamhurn, Jurieir, (iottiiigen, 
Jem, Strassbwrgj .'ia« Fenuindo^ O'Gyalla^ Quarto CasteUo (Florence), 

The epicentral dietance varied between 79*" 38' and 88° 13'. 
Group (iv). ManUa, CataUta^ the epioentiat distance 

varying between 99" 16' and 112" 25'. 

Besides these, there are two .single stations of Birmingham 

(z = 7.V j .aid Sofia (a;=9a'' 28'). 

The reJiition t)et\veen tlie time (/j) ami the distance for the 
four groups (i) — {iv), ia illustrated in Fig. 3, (PL X). 



TABLE 111.— iSAN FRANCISCO EAKTHQUAKK. 



Time of €}Mn«i«ii«enieiit of the tod PveUmliuurjr TreMer. 



Place. 


Kpioentr»l DistaiiM 


Time of Coramr. of 
2nd PreL Tremor. 
















59' 


h 

13 


m 

25 


00 




35 


44 


ia 


25 


04 




85 


46 


18 


25 


13 


(!) Kean 


3ft 


50 


13 


26 


09 




70* 


50' 


IS 


83 


14 


Tokyo 


73 


41 


13 


34 


24 




77 


04 


13 


34 


13 




77 


17 


13 


34 


19 




7ft 


ft3 


13 


3ft 


03 




75° 


54' 


13 


35 


07 




79* 


38' 


13 


34 


57 




80 


05 


13 


34 


43 




81 


15 


13 


34 


42 




82 


21 


13 


35 


09 
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Place. 


Epicetitral Distance 


Time of Commt. of 
2nd Piel. Tremors;^ 






49' 


h 

13 


m 

35 


20 




85 


14 


13 


85 


18 


O'Uyaila 


87 


26 


13 


30 


08 


Quarto Gastollo 


88 


05 


13 


37 


58 




88 


IS 


13 


35 


32 




83 


54 


13 


35 


32 




99' 


ur 


13 


39 


13 




100 


14 


13 


37 


02 




113 


95 


13 


40 


48 


Civ) Mean 


103 


58 


13 


39 


01 



« 



Calculating the velocity of propagalaon from the mean values 
given in the above table we obtain the following results. 

«*D]BBCT UMTHOD," 

CO ss84* 50's3870 jbi. 

^=1*36^' 
t,-t„= 19W^1B6 see. 

r3=4,93 hm. per sec. 

(ii) x^ieW^mikm. 
;,=1''34'»03» 

*j-^o=22"03»=1323 sec. 
f,=6.27 Jan. per sec. 

(ill) jr=83'54'=y32l Avrt. 

f,-fj=23'»32»=l4l2 sec. 
i;,=6.G0 Am. per sec. 



(iv) x = 103r'58'=ll55l Am. 



88 



F. Ovoii: 



27 "'01" =1021 Bee. 
r,=7.13 km. per sec. 
The above results may be suininanzed as follows : — 

(A) j^'or (i) in which the epicentral distance was 34** 50', the 
direct velocity was 4.93 km. per sec. 

(B) For (ii) and (iii), in which the distance was 74* 43' to 
83** 54', the mean values are : 

it^l^ lO', t>,B6.44 Am. per sec 

(C) For (iv), in which the distance was gieat and equal to 
103°58', the velocity was 7.13 hn. per sec. 

The relation ix tween tbc epicentral distance and the velocity 
^j, calculated by the ''direct method", is graphically shown in 
Fig. 4, PL XI, tlie curve being, within the limits of 34* 50' and 
103° 58', approximately straight. 

«DIFFJSiLBirOS MSTHOD. ' 

(ivMi) : dse^&Sr 06'« 7680 km, 

de»lb«65^s886 sec. 
«isfi.20 km. per sec. 

(iv)-(ii); ux^-I^ 15'=3'24U km. 

,lt=4'"m'='29S sec. 
rj= lO.yO km. per sec. 

(ivMiii); dx»20* 04's2227 km, 

^{^3^9"«209 sec. 
Vgss 10.66 Arm. per see. 

(iii)-(i) ; . ...ax-»49* 04'=5460 km. 

<l«=l(y»27"-6a7 8ec. 
v,=8.69 km. per sec. 
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(iii)-(ii) 



Jx=9' 11'= 1010 Aw. 
of = T"20»=89 sec. 
1 1.35 km. per sec. 



(ii)-(>) 



Sx^diar 53'=4430 Am. 

«<=8'°58«=538 sec. 



{),=d.24 Aw. per sec 



The above results may be summarized as follows : — 

(A). For the three combinations, in each of which the 

shorter di><taiice was 34'' 50', the M locity r, was small, iiaiuciy, 

Uj=9.20 Am. per sec. 
8.69 
8.24 



(B). For the three remaining eombinations, in each of 
which the shorter distance was over 74* 43', the velocity was 
greater : — 



Mean value of ti. Taking the four groups (!)• (iv), Table 

III, and assuming a linear equation between the epieentral dis- 
tance and the time of commencement of the 2nd preliminary 
tremor, we obtain by method of Least Squares, the following 
mean value : — 



Comparing this with the value of the velocity tj given in §2, 
we see that 



liean 8.71 km. per sec. 



«,= 10.90 Am. per soc. 



10.66 



Mean 10.97 Am, per see. 



Fs=9.02 Am. per sec. 



13.97 
9.02 



-=lUJ49j 
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this ratio relating to the velocities between the distance limits of 
about ao** and 100° 

4. J^Mrofton 9/ the A»t jPrelimhtary ZVerMor. 

Table IV gives the duration (yO of the 1st preliminaiy tremor 
at the different stations, arranged according to the epioentral dis- 
tance (x). 



TABLE IV.— SAN FRANCISCO EARTHQUAKE. 

Duration oi tti<> iKt I'rHliulanry Treuior. 



Pbce. 


Epicential 
DistMioesjr 


Duration of 
Ist Prel. TtemorBy, 




27* 


5T 


m 

4 


53 




35* 


27' 


5 


31 




35" 


32' 


5 


26 




85* 


44' 


5 


88 




35* 


84' 


5 


32 


Vieques (Porto Rico) 


53* 


38' 


7 


38 




70* 


50' 




07 


Tokyo 


73' 


41' 


9 


49 




77* 


04' 


[1 


49 




77^ 


17' 


<) 


5(1 




7r 


43' 


9 


40 




72" 


27' 


10 


12 




76* 


54' 


10 


04 


Kew 


77' 


17' 


8 


12 




f- -n 
t •) 


54' 


10 


25 


Jttrjew 




05' 


10 


04 




sr 


15' 


10 


06 






21' 


10 


35 


Strassbnrg 




49' 


10 


24 


Mean 


78' 


30' 


10 


01 


Ximeniano 


88" 


08' 


10 


57 






08' 


10 


42 






06' 


10 


56 
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TABLE lW,~-Continued, 



PlMe. 


Kpicentral 
Di8touces=2. 


Duration of 
1st Prel. Treinor=y|. 




1 or 45' 


m a 

11 27 






11 01 




dQ" 16' 


n 5'j 




100" 14* 


14 20 


Mean 


99° 45' 


13 08 



According to Table IV the mean values of the epkentnil dis- 
tance (x) and the comeponding duration (y,) of the Ist pFelimi* 



tremor are as follows: — 






«=27' 57' 


; yi«4«» 


53* 


35' 34' 


5 


32 


63^ 38' 


7 


38 


74* 48' 


9 


40 




10 


01 




11 


01 


99" 45' 


13 


06 



The relation of x and ytt as illustrated in Fig. 5, PI. XII* is 
nearly linear. Assuming, therefore, an equation of the Ist degree 
between these two quantities, and determining the constants by 
the method of Least Squares, we obtuiii tlie following formula: — 

« = 16.79 yi - 1618 Aw. 

The deduction of this equation, whose application is limited 
between xsahout 30*' and 100^ differ fi-om that of similar equa- 
tions hitherto given in that the data utilised in the calcula- 
tion relate ail to one and the same earthquake, and not to the 
observations at one given station of different earthquakesi. 
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3. MU$te HorintotUal I'eiuliMium fieimutograma oMained nt 
San Mfemando and iVellington, 

In Figs 6 and 7, PI. XIII, I reproduce the Miine Horizontal 
Pendulum seismograniB obtained at San Fernando (Spain) and 
Wellington (New Zealand); these records having been selected 
on account of the clearness with which they indicate the Wt wavesi 
or the earthquake vibrations propagated along the major arcs 
of the earth. The explanation to the Wellington diagram is that 
given l>y Mr. tl. H*»i:l>t'n. 

In each diagram, tin Idler A marks the probable commence- 
ment of the 3rd phase of the principal juirtion. 

The portion marked Wi in the San Fernando diagram may 
conespond to the repetition of the earthquake motion propagated 
first along the minor arc, which came back after making one 
complete circuit of the earth.* 

Tlie epicentral distances of San Fernando and Wellington are 
respectively 85' 14' and H7 40'. the former station being 12° 2(V or 
1381 km nearer to the origin of the earthquake. Accordingly 
the W, motion occurre<l some minutes earlier in the Wellington 
record than in the San Fernando one. 

San Fernando Seitmoffram, Commencement of the earthquake 
—13* 25" 06*. The principal portion began approximately at 13* 
49"' SO*. The first maximum motion, probably corresponding to 
the 3r(i ]>lia-o of the principal portion, occurred at 13'' 57" 18'; the 
2nd maxin)um oceuning at 14'* 03" 05'. 

The W, motion began at 15* 13", tlie 3rd phase uf its i)rin('ipal 
portion commencing at 15* 32" 42'. The motion remained active 
till 15* 46". 

WeUinglon Seismo^twi. Commencement of the earthquake 

* Mr. Uogljen id«atifies tbo earthquake looresDcaU for tbe succenive Kpetitioas. 
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FIi. IX. 



Ilg. 9. Sun FnuMsiBoo Baribqnake. 
Bdation belwaon the Bpioeotnl Distanoe and the Velooifcy 0|, " d£rectlj " oaleolfttod. 




O' 20' 4ff eo' 80' 100' 120' 
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PL. XI 



Fig. 4. San Francisco Earthquake. 
BekktioD between the Epioentral Distance and the Yelooity " dixectly " oelcalated. 
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=13* 26" 36*. The Ist maximum motion, approximately cor- 
req)oiidingtoihe commencement of the principal portion, occurred 
at 14*02*00*. The 2nd and largest maximum, which probably 
corresponded to the 3rd phase of the principal portion, occuiring 
at 14* 10" 30*. The 6th phase of the same portion, probably the 
transverse " vibration, occurred at 14* 39" 18', 

The W« motion began at 15* 05" 18'; the 1st maximum, 
which probably corresponded to the commencement of the 3rd 
phase of the principal portion, occurring at 15* 30" lb'. The 
2nd maximum occurred at 15* 47" 06'. 

Comparing the Wi, or the earthquake proper with tlie 
motion, we obtain the following approximate values of the veloc- 
ities. ^ 



Place 


Comm.i.c.ment of ' ^'nj^eMce.nent of 

Princ. Portion. ^ 

Pnnc. Portion, 




4.3 kiii./8ec. 1 8.7 kiii./8ec. 
4.8 j 3.8 



These are to be regarded as only gross approximations. 



«• The foregoing paragraphs constitute only the preliminary 
notes on the seismographic observations of the San Francisco 
earthquake. A full discussion of the transit velocities correspond- 
ing to the different phases of the earthquake motion, and the results 
of the analysis of the seismograms will be given in a future number 
of the PtthUeaUons q/* the Earthquake Inmtigatum Committee. 
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Note on the Transit Velocities of the Quatemala 
Earthquake of April xg, 1902. 

By 

F. Omori, Sc. D., 
Member of tbe InperiHl Biurlliqiiake InveetigAtion Oommittee. 

Ill the Pf^K-eedinijs of the Royal bocicty of London, Vol. A 70. 
1905, Mr. R. D. Oldham* gives an important diacuflsion oi tbe 
transit velocities of the Guatemala earthquake of April 19, 1902. 
As, however, Mr. Oldham confines himself to the veloqity calcula- 
tion by the direct method/' I shall here tiy the calculation by 
the diflference method " of the velocity of propagation of the 1st 
preliminary tremor. 

The fulluwing tabif. which give^i for the different stations 
the epicentral di.<tance and the time of occurrence and the duration 
of the Ist preliminary tremor, is taken from Mr. Oldham's paper. 



GUATjEMALA earthquake of APRIL 19, 1902. 



Stetioo 


Epico tit Till 
Distance. 


Time of 
oeearranoe. 
(G1.M.T.) 


Duration of 
IstPral. 
Tremor. 






mln. 


mio. 




are 


2'' ao.i 


5.5 




30.8 


80.5 


5.0 




43.0 


31.3 


5.9 




52.7 


32.1 


7.0 




38.6 


31.0 


5.9 




77.0 


36.0 


9.5 


Bidston (Liverpool) 


77.4 


H6.0 


**~- 


San Fernando 


77.G 




S..) 



• K. D. UMhatn : *"i'tu- Kate o( TnuismLg&on of tbo Oaateinala E^rthqtMke, April 19, 1902." 
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GUATEMALA EARTHQUAKE —CW<wueii. 



Station. 


Epicentral 
Distance. 


Timo of 
occurrence. 
(G. M. T.) 


I )ii ration of 
Ist Pzttl. 

rromor. 




0 


h mlQ. 


mln. 


<o.o 




11 4 

1 1.4 


fy ■ 


7v).d 






Kean 


78.0 


35.5 


9.8 






oO.U 


1U.4 




84.9 


■5f).3 


lO.i 




00.0 


.ib.2 






88.6 


36.6 


10.6 




88.7 


36.6 


10.3 






OO.O 


12.1 


- 


90.2 


37.0 


12.7 




\]\}A 


36.8 


10.5 






o7.0 


10.3 




91.4 


36.8 


9.9 




01.7 


37.0 


10.6 


Catania 




;t6.7 






89.0 


36.7 


iO.8 


„, , . 


1 f\f\ «} 

lU(J..i 








1 Hi) r 


00.0 


9.0 




p. '4, . 1 


37.3 


LO.H 




mo >i 


019 it 
37.4 


9.8 




110.4 


38.8 


15.7 




110.7 


38.2 


18.3 




111.9 


42.9 


16.2 




113.9 


38.4 


13.8 


Mean 


UL7 


89.6 


15.9 




121.3 


40.2 


9.5 




142.9 


44.0 






144.1 


43.5 


22.1 




149.8 


48.8 


18.2 




152.9 




'20.4 




1G().4 


43.7 






1149.3* 
il51^ 


43.8 


21.3 



• 14B4iftb«n«ttdiitaiM8 0MaiBadlij«iDittiii9 Kd^ikaiial. aad »13 fhat oIiMb««I by 



omitting Calcntta. Theac two raluM an lo be mad nliMottvrij for tiw ttma of QfieDiMBM and 
tbe dniatioa of the let prelimiaaijr tntaor. 
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I have divided the 34 stations contained in the preceding 
table into 7 groups, the relation between the mean values of the 
epicentral distance and the time of occuirence being illustrated in 
the accompanying figure (PI. XIV). From the latter it will be 
seen that, within the limits of the distance under consideration, 
the time <>f eartliquake occurrence increat^ed linearly with the 
distance. Assuming, therefore, an equation of the 1st degree 
between the time and the distance^ and calculating by the method 
of Least Squares, we obtain 

t>issl6il2 km, per sec* 

This value of v, is 2 hm. greater than that found for tlie San 
Francisco earthquake, as given in the preceding article. 

* i'hu ralne of rj prerioufly obtnioed for this enrthtiuako by Dr. A. Imuuura was 15.6 km. 
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The Calabrlan Earthquake of Sept. 8, 1905, observed in Tolg^o. 



1. PI. XV gives the EVV, NS, and vertical component.s of 
motion due to the disastiotiB Calabrian earthquake of Sept. 6, 
1905, observed in the University compound, (Kongo), TokyoT 
the magnifying ratios in the three diagrams being respeetively 15, 
20, and 12. The details of construction of the two horizontal 
component instruraeuls, * wliich are nearly alike to one another, 
are ns follMWH: — 

Vertical distance between t!io points of suspension and of support «»2 metres. 
Effective length of the strut, or tlie horizontal distance between the point of 
buppurt and the steady axifi*^! metre. 



Natural OaoiU^iou Period \48 5 aee. (NB) 

The vertical instrument, which is one of Gray-Ewing type, 

has the following specifications : 

Length of the Tortioal spiral eprings-LS netm. 

HflriiontaldiataiKMbatween tha oamtMof the ataailsr man and the pivot" 1.2 metve. 
Weight of the heavy bob-d kg. 
Natntal Oeeillation paiod-6.0 aee. 

The time of commencement of the earthquake motion was 1* 

56" 09" (G.M.T.). In the following descriptions of the seismo- 
gi'anis, T and 2" (UmioIo respectively the comi>lete period and the 
double amplitude of motion. 

* TiMMe »• tlw loog-period hociuatal pendolnini deieribed ta, the PMfeatbm. Kol d with 
«OBv chattgn in. the weight of the etaedy meM and fh» maltip1i«atiMi ntiM. 



By 



F. Omori, &c.O., 

Henher irf the Imperial Enzthqnake Inveetigatini Committee. 
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2. i-Jif Comi^9M€»a, Total duratioD-;i hours. The com- 
menoement was very smaU, and slightly uncertain. 

1st Prdimimry Tremor. I)uiation«10* 26'. For the first 2* 
0*, the motion was very small. The subsequent motion was larger 
and nearly uniform: — ^T«7.7 sec., max. 2a«3.3 mm, there being 
alf'u traces of small vibmtions, 

^itd Preliminary Tremor. 1 )uratiou=ll"' 49'. The niotiou was 
greater during the first 6" 20* tliau during the rest of this phase: — 

(T= ('>.4 860., max. 2(»b0.1 mm. 
} 8.8 ySniRll. 

( ll.G „ , „ 

Friueipal Fortian. [1st and 2nd phases.] Duration =10* 43'. 
Daring the first 5" 48', the motion was small: — T*21.2 sec., max. 
2as0.6 mm., there being also small vibrations of T«8.7 and 6.4 

sec. For the next 2"* '2.V, there were small slow \ illations: — 
T=4t^.Ji see., max. 2'/=<).U.j mm, supt'ijKXfd l>y -mall vil»rati(Ui? 
of T=8.5 sec. For tlie remaining 2'" 2!), there were 4 larger 
and nearly equal vibrations: — ^T=o7.;i sec, max. 2(i=0.13 
mm; there being also some small vibrations. [3rd phase.] 
Duration— 9" 39*. During the first 2" S', the motion consisted 
of 4i regulai' vibrations: — T~28.d sec., the 4th having the 
max. 2<t of 0.35 mm. For the next 2" 38', the vibrations 
were smaller and quicker: — T=21.1 sec. max. 2a = 0,24 mm. 
For the remaining 4" 57', the vibrations became again ijuieker: — 
T=14.5 sec., the two max. 2a'.< of 0.45 and 0.50 mm. occiu*- 
ring respectively 5" 39' and 6" 54^ after the commencement of this 
phase. There were also some traces of vibrations of T— 28.8 sec. 
[4th phase]. During the first 5"* 25', the motion was large : — 
T=17.7 sec, max. 2a=0.21 mm ; T-ll.H sec, max. 2<i«0.20 
mm. During the remaining 10" 53' of iljis phase, the motion was 
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smaller aiul nearly uniform: — T=11.1 sec, max. 2't-U.12 mm; 
T=1G.9 sec, max. 2'<--0.0S mm. [5th, etc. phases]. The 
motion was much smaller. Toward the end, T=i3.y sec. 

The Ws vibrations, or the earthquake movemente propagated 
along the major arc of the eartli, appeared at 3* 47" 10* (G.M.T.) 

s. dMNffaMCMf, The commencement was very small 
and slightly indietinct. 

lut ' PreUminnrif Tremor. Duration =ahout 10" 57'. For the 
first 1", the motion was very .^mall. Tho suhsequent motion wa.s 
nearly uniform : — T=C.O sec, max. 2a =0.03 mm, mixed with 
some vihration.s of T=11.3 sec. 

2nd Prelimimry Tremor, Duration -9* 44'. The motion was 
greater near the commencement : — Ts^LO sec, max 2^^0.08 
mm; Tb10.3 sec, max. 2a3s0.12 mm. 

Principal Portion. [1st aud 2nd phase.] Duratiou=ir" oU'. 
During the first 1)"' 41', the motion was nearly constant:— 
T=14.9 sec., max. 2a=0.UG mm; 

8.0 , „ =0.05 „ ; 
,,^4.0 , smaU. 
During the romaining 1" 47', there were 2 and half well- 
defined vibrations: — ^T=42.8 sec, max. 2«=0.1 mm. [3rd phase.] 
Duration-^irr IH'. During the first 1" 2'.)', there were 2 and half 
well-(lefin(»«l and nearly c([iial vihrations: — T=i>5.7 sec., ma.x. 
2<t=0.22 mm. For tlie next 2" l-k% the vibrations hecame 
quicker:— T==20.» sjec, max. 2asB0.33 mm. For the next 1" 35', 
the motion was smaller: — ^TsslO.O sec, max. 0.25 mm. For 
the next 1" 11', there were 2 slow small vibrations: — period=35.5 
sec, max. 2i(«0.09 mm, superposed with smalt movements of 
T"10.1 sec. Thereafter the motion heramo much quicker and 
active, the vibrations during the next 2"* 3F being T==15. 1 sec, 
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max, 2aB0.35 mm, mixed with slower vibrations of T=30,2 Bee., 
max. 2rt=0.40 mm. For tlx? n«>.\t T li':— T^'j.'.r) sec, max. 
2'J = 0.8o nun. For tlie next l" al', the motion l>«.>cam«» atrain 
(|ui. ker:—T— 1.3.9 sec, in;ix. 27=0.13 mm. I Hiriiii; tlio remaining 
U"" 2.S', thu jHTiod remainud iitjiuly con.4«mt: — T'-l().2 sec, max. 
2<is0.43 mm, mixed with some small vibrations of T— 10.3 sec. 
[4th, etc. phases.] During the first 8" 20':— T« 11.3 sec., max. 
2a=0.08 mm; T=19,7 sec, max. 2rt«0.00 mm. 

End Vortum. TI)c vibrations liad n T of i:?.2 sec, there 
being also sonio vibratiuus of T=17.1 st-c. 

TIk' W, vil.radons which appeared at 4' OG" 20' (G.xM.T.), 
were small but well deiiiied: — ^^=18.5 sec, max. 2/(«Bsniall. 

4, F«r«f«iil €^mponent. The motion began with smaU 
quick vibrations. At 2* 32"* 57* {G.M.T.), there appeared small 
slow vihrations continuing for abont 10 min. 7" 2'V lat^^r on 
the 1 no Vf moats became more distinct : — T— 15.2 sjec, ma2f. 2a= 
0.03 mm. 

AppenMai, The observations of the Calabrian earthquake 
at Osaka and Mizusawa were as follows: — 

Osaka (MS9¥). 

Total i)ura(ion=^ 1' 21". Time of coinnicnci iiH nt= F' 56* 31*. 
1st i'rel. TrciH. Duration = l()' 15'; T— O.b sec; luax. 2a = 0.2 mm. 
„ „ =U 10; ,,==0.7 „; „ ,,=0.7 „ 

Prifieipal 1 *orU(m : — 

Ut ftnd 2iid phaaes. Dnr.ssT^lO^ T=£20.0 Bee; max. 2as0.4 mm. 
3rJ pbase. „ =8 25 ; „ =21.9 ; „ a=0.5 

4to „ « =:8 30 ; „ «17.l „ : „ =0.4 „ 

5th » » =9 00; ,,=12,7 „; =0.1 ^ 

6th „ „ »8 10;,, =16.4 „; ., =0.6 
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The Calabriun Earthquake of Sept. 8. 1905, Observt-'d in Tokjro. 5t 

7th phase. Dur.=7 45 : T= 13.8 sec; tmx 2a=0.2inia. 

End Portion. „ =14.4 „; „ 



Time of oommencement- r 56" 12*. 

{Max. 2a=s0.03 mm. (EW Coiuponeiit), 
„ =0.09 „ (NS \ 

The instruments at Osaka and Miztisawa are horizontal 

pendulums of portable form, the natural oscillation period at 

Osaka being about 28 sec. 
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Preliminary Note on tlie Formosa Earthquake of 

March 17, 1906. 

By 

F. Omori, Sc. D., 
Member of the Impenal BftrtU^uake luvestigaliou Committee. 



1. MniraduetiM, The Island of Formosa is preeminent- 
ly an earthquake countiy and has been visited within the last 2 
years between April 1004 and April 1906, by no less than 4 
destnictive shocks. From the time of Teiseiko, a Chinese general 

who occupied the island in the middle of the 17th century at the 
downfall of the Min dynasty, there were, up to 1906, eighteen 
severe earthquakes, as follows. 



mo. 



DATE. 



LOCALlTr. 



KKMAKKS. 



1 
2 
8 

4 

fi 
6 

7 

8 

10 
11 



Jan. 21, 1655. 

, 1660. 

Not. 1, 1720. 

Jul 5, mi. 

Jon. 27, 1786. 

Dec. — , 1770. 

Jaly 20, 1702. 

Jul> — , 1815. 
Oct. — , 1815. 



Tainaii. 



{Many i^eople killed; mad and 
water ^geotwl SUodu eontinoed 
for more tliau 10 days. 

Taina«, Kagi, SliOka... P^»"^> r(H>ple killed. ia» weather 

' "* ' ( was fine. 

Kttgi ............Great many pcojile Idlleil. 

rFircs broko out after tho eartlt- 
jqnuko, more tlian 100 peojde 
^killed. 



Kagi. 



1810. 



Nov. — , 1840. 



Girau. 
Tansui. 

Qitau .. 



fHoaaes destroyed. TLe gronnd 

■! wn n-ficlicil, and in some plaoes 

tcou'y ulsed. 

m . (Houses ilcsti-oycJ. Landslips took 

^ " * liplaee. 
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HO. 



LOCALITY. 



BBlLLBKa 



12 



June 0» 1868. 



18 , Dec. 18, 1607. 



14 
15 
16 
17 
18 



June 7, li>Ul. 
AprU 24, 1904. 
Nov. fi, 1904. 



This was a very great earthquake, 

^•MHUJ, jiMvm, >Mr8ons were killed. Tlie moani 

DaiBen was much eiaeltad. 

/Great destruction in tlie harbour 
lofKeeluug, wheraseveral hundreds 

Eecluug <of peciple wen drowned by the sm 

U'tLxm, EoormoiM landsttps took 
I'plaoe. 

Giran. ( 

Toroku to Banshoryfi... 3 persons lalloJ, l.'i wouuiloil. 



Toroku, Eagi, EiumikS. 



March 17, 1906. ' Eagi, Toroku.. 
April 14, 1906. 



Eagi, £ittnik& !l5 



M5 „ 
1260 „ 



, 148 
, 2476 
,87 



Of the 18 earthquakes given in the above table, 13 originated 
in the sonth-western part of the island, namely, in the Prefectures 
of Toroku, Kagi, Ensuiko, and Tainan. The 5 other earthquakes 

sliook the nortli-ua.stcrn jiart of tlie islaiul, their origins being 
subniuiiue. 

In the llt'ports (Japanese) of lU^ Imperial Eartli puke Investvjation 
CoumUtee^ No. 54, the present author, who visited Formosa in Nov. 
1904, has given a full account of the two destructive earthquakes 
of that year, together with the results of the seismographiciil 
measurements made at the different observatories in the island. 

MABmQUAKMl OF' MAMCB 17, 1900. 

«. iPamaam. The eartlKiuake of ]\Iaixli 17, 190G, at T/ 42^ 
30' A.M.,* was? the severest which shook Formosa in recent times, 
being even more destructive? tlian the vvell-kuowu great .sliock of 
June 6, 1662, The numbers of the houses damaged and the 
casualties were as follows : — 

* OiTBD, m tad Xotmal JapMi 'lline. or tbat «( loagittude iZOr B of Greeawicb. 
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iPwIiininM; Kote oa tbe Povnoaa Ewtbtiuake of March 17, 19CQ. 3$ 

Number of dwelling houses totally dc-jtroyed 7,284 

„ ,1 i» piirtially „ 30,021 

tf ft persons killed 1,266 

„ ,» wounded 2,476 



As far as the loss of life is concerned, Uiis earthquake was, 
among the recent Japau shocks, only second to the great Mino- 
Owari cataf?trophe of 1891. 

IriHiii'diiitely after the earthquake of March 17, 1906, I 
proceeded again to Formosa and was able, amongst other things, 
to compare the seismic effects on this occasion with those in Nov. 
1904. One specially interesting feature in this earthquake was the 
formation of remarkable faults, which are described in § 4. 

Tbe heavy amount of the casualties was, in a great measure, 
due to the weakness of the native dwelling houses, which mostly 
have MO capacity of resisting earthquake sliocks, being built of 
dok'thu, or sun-dried mud hlock< of dimensions 22 x 33 9 .^, om., 
loosely cemented with a mortar of mud, at best mixed with a 
small quantity of lime. The consequence of such a bad method 
of construction, joined to the heaviness of the roof, is that the 
native houses are) at the occurrence of a violent shock, at once 
shattered to pieces, leaving little time for the people to escape. 
The easiness with which the tlofcrtftu houses are overthrown may be 
seen fr<iin tlie fact that the toWn of Dabyo was ahnost entirely 
levelled to the ground with the exception of the Sub-Prefectural 
Office, a brick one-story building with a two-story tower, which 
suffered no severe damage except some cracks in walls and the 
falling down of part of the roof tiles. Framed timber structures 
resist earthquake shocks infinitely better than the dokaka houses, 
but they are generally exposed, when old, to a great danger from 
the ravages of white ants, which literally eat up the wood. 
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Fi'ls 0 shows the mined condition of a native tt!ii[)l<-, Ma>«i- 
byo, in the town of SliinkO, the destruction of the building being 
very coinjileto. Fig. 8 givoa a view after the earthquake of tlie 
Sub-Prefectural Office in the same toi^n, a wooden structure with 
plastered walls, which was veiy severely damaged, duo mainly to 
the vibration of the front tower, but was not o\'orthrown to the 
ground. 

9. Waoaeimnarm, The I'urthquake \vii.« feU all over the Island, 
the tljn i is<i<t isiiial lines in Fig. 1 (PI. XVI) giving approximate 
boundarie.s of the areas delined a?? follows : — 

(1) Arm of violent motion, hi which tiie damage was considerable. 

(2) Area of severe inotion, in which occurred more or less such 
damage as landslips, cracks of the ground, partial or total 
destruction of a few buildings, etc. 

(3) Arm of moderate wotion, in which the shock was moderately 
strong, so that some I'luiiitures were overthrown, pendulum 
clocks were stopped, etc. 

I)i£ferent from usual: cases of sebmic disturbances in Formosa 
the longer axe? of the isoseismal areas, especially, Xos, 1 and 2, 
are not parallel to theMength of the Island, evidently due to the 
fact that the fault and^tlie epifocal zone was oblique to the latter. 

The area (1) of violent motion was about 50** in length, from 
the vicinity of the town of BaishikiT on the oast to the city of ShinkO 
on the west, and aliont oO'** in width from the viciniiy of the city 
of Kugi on the sontli to that of the village of Tarinui on the nortli. 
From the limited extension of the area of the severe motion, it 
may be iufen'od at once that the earthquake centre was not deep 
below the surface, as was in fact indicated by the formation of the 
faults. 

4. JRi5«lf«. (See PI, XVII.) The main fault lino is most 
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markedly shown at its eastern end, whore it crosses tiie road lead- 
ing from the town of Taihorin to Baishiko, at about 1** from the 
latter town. The fault runs here in Uie dii'ection of N 75" E and 

S 75" W, the south side being depressed 6 feet and relatively sheared 
0 feet we.stwanls. Ficr. 5 gives a general view of the fault, the 
left-hand (south) wide Ijeing depressed in such a way that it curves 
down toward the plane of discontinuity. Fig. 4 shows how the 
rqad was cut off and displaced at its intersection with the fault. 
The small village of fiisho, under which the fault passed, was com- 
pletely destroyed. The western continuation of the fault {tasses 
across a hill spur and appears again to the south of the village of 
Kai^eiiko, at al)out 1*" from Bisho. The fault then runs in a 
mean direction of N 75° K to S 75° W and cro-^cs the river Sanjo- 
kei, at 5**" fnjni Kaigonko and about 1** to the SW of the vilhige 
of MaenryS, ])roducing a 4 feet dislocation of the river bed. Then 
it becomes nearly SW in direction and passes between the villages 
of Tensanshikiaku and Kasaushikiaku, meeting finaUy to the 
south of the latter the branch fault of ChinsekiryO. This second 
fault starts at about half a kilometre to the west of the village last 
named, on the top of a gently sloping hill of hard clay, and 
manifested itself first as a remarkable deep crack of 2 feet width, 
the depth iiscertauied with a l»aniboo stick being 11 feet, (See Fig, 
6.) This fault is nearly in the £ W direction and its western con* 
tinuation passes through cultivated grounds, cutting at right angles 
a series of potato field ridges, which latter sufiFered a relative 
horizontal displacement amounting to the interval between two 
successive ridges, so that each of the latter became, after the earth- 
quake, cuntigiiinis to its fornu'r neighlxiur. The fault then runs 
through the puddy tiolds, to tiie nortii of the village of Toseiko, 
iiuaUy reaching the city of DabyO, beyond which the disturbance 
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of tlic grouixl oeaj^us to be apparent. Tlie railroad, which i uiis in 
an N-S direction was much dainngod between Dabyo and Kagi, 
especially at its intersection with the fault, 8 rails being consider- 
ably bent and a number of rail joints torn apart. The length of 
the main, or Baishiko, fault is about 11*", while that o! the 
branch, or Chinsekiry5, fault is a little over 4**, the whole length 
between the Dabyo and Baishiko ends being 13 V". 

As staled before, at the eastern extremity of the main fanlt 
the sfnitli->ide was depressed and shenreil westwards, But, along 
the wliole rest of the fault the relation was reversed, and the 
depression was invariably on the north (or NNW) side, the siiear 
beicg always eastwards. The maximum amount of the eastward 
diear was 8 feet and occurred at the village of KaigenkO ; while 
the maximum northward depression of 4 feet occurred at the last 
named place, and also at and near the <Tossing of the fault with 
the Sanjokei river. Along the Ohinsekiryo fault, the depression 
was also always on the north side, and the shear, whose maximum 
amount was 5 feet, was eastwards. In tliis case, the vertical 
dislocation was sligiit and less than 1 foot, being often indicatetl 
only by a gradual depression which caused the waters in the ])uddy 
fields to be collected on one side of the line of disturbance, leav- 
ing the other side dry. 

To the west of Daby5 there was no surface manifestation of 
tectonic disturbances. But it seems probable that there exists an 
underground continuation of the fault for about 12^" in the direction 
of wept slightly south, as far as the vicinity of the city of Shinko. 
Along the zi<nc about this imaginary fault, which is marked in PL 
XVill by n dotted line, there wa^ nn ejection uf large i^uantity of 
siuid and water. Especially, in the vicinity of the villages of 
Tanshiken and Saikoscki, the ejected sand reached a thickness of 
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more tlmn two feet ami covered wide avons Honn tinicH lialf a 
kilometre or more in width. (See Fig. 7.) Tim tuiorinity of water 
ejection in these places maybe judged from the fact that the polict^ 
authorities, wiio tried to rescue people from under the ruined 
houieS) were in some instances prevented from immediately 
approaching the latter, owing to the large quantity of mud water 
which flooded the surrounding grounds. The total length of the 
fault between Baishiko on the east and Tanshiken on the west is 

5. Relation to the Faultm of the Ifireetion of {Vibratory) 
Motion. Fig, 3 (PI. XVIII.) indicates the general course of the 
faults, the direction.s of tiio (vibratory) motion at the difTercnt 
places, and the boundary of the area of the severest shock. This 
latter area is slightly different from that bounded by the line (1) in 
Fig. 1, and includes those towns and villages, in each of which 
more than 50 dwelling houses were completely destroyed or more 
than 15 persons were killed. 

The directions of motion at the different places in thi.s 
meizoseismal area (ietenuinecl from overthrown botiies, were as 
follows : — 

Kagi Toward K8E. 

Shinko „ ENF:. 

Suigiuseki „ BE. 

Seiho „ E. 

Dabyd , E slightly S. 

Saishiko • SSK. 

Thus it will be seen that the earthquake motion in the 
meizoseismal area was nut perpendifulav to tlic fault zone, but 
was, on the wliolc, directed from the western to the eastern end of 
the latter, in the same sense as the shear of the depressed side, 
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with the exception uf the eik>teni extrotnity of the main fiiult. 
This seems to indicate that the tectonic disturbances were the 
lesult of the existeuce in this part of the earth's crast of a pres- 
sure or fihearing forces in a driection nearly transveiae to the 
longer axis of the island* ol Foimoea, which finally produced the 
faults, such that the first shock or sudden movement of the ground 
was westwards, and the counter or greatest one eastwards. 
Probably both sides of the fault zone were displaced eastwards, tlie 
sliear uf the depressed side being the difTen iitial uniuuiit due to the 
greater eastward displaceiiient of the latter. 

The disturbances of the ground along the two faults above 
described were similar to those observed in other cases, the depres- 
sion and the horizontal shear being generally combined. There 
were also the usual secmdaty shear cracks^ * whose inclinatiou to the 
course of the dislocation zone was on the average about 43% At 
some places along the main fault there were marked forcing up of 
the ground, due to the coexistence of compression. On the other 
hand, the wide crack whieh appLaifd m ar Cliinsekirvo, was the 
result of a tension or a tendency to tear asliunder the two sides of 
the fault plane. 

<{. I'robable Itkittward Mibetet%mion of the I-\tult. The 

boundary of the meizoseisroal area given in PI. XVIII. is evidently 
not complete and rei^resents only the western half, the eastern half 
including mountainous I'egions inhabited by the savagesi whence 
we could get no earthquake reports. Thus it is extremely likely 
that the main fault did not end at the vicinity of BaishikQ, but 
was continued eastwai-.ls auuiung tlu; moutitains for a further dist- 
ance of 20 or 25*". This supposition consistently explains why tlie 

. , — 

•;.S«e the aOkUn, StK 1, p, li. 
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depression aad shear phenomena at the eastern end of the Dabyo- 
Baishiko fault zone were opposite to thoee along the rest of the 
latt«r. The fact was probably as follows : — the fault had an exten- 
sion of about 50^ and its most central point was between BIshs 

and Kaigenko, the amount of the disturbances being greatest newr 

these two places ; further, along tlio western half of the zone in 
question the ground on the north <u\i.- was depressed and sheared 
eastwards, wliiit; along the eastern half the ground on the south 
side was depressed and slieared westwards. (See the next Article.) 

The most central point of the epifocal zone as sssumcd above 
may probably be taken to be between the villages of Bishd and 
Kaigenko, say, at 

LongUu.h, 120* 32' E. 
LaUtudt, 23^ 35' N. 
7. JPur€M0H«tfihm BrBtimtnmv n^mor^ The approximate 
position of the centre of tlie earthquake may also he inferred from 
the duration (//) of the preliminary tremor recorded hy Oniori 
Horizontal Pendulums at the different meteorological observatories 
in Formosa. The epicentral distance (x) in the foUowiug table 
have been calculated by the formula* 

Jslarlhqmke of March, 17, 1906. 



Flaee. 


Duration of PreL 
TrsDMNr^ijr. 


Epicentral 


Taiboku 




27.5 aec. 


288 fcM 


Taicba 




9.0 


104 


Tttinan 




8.7 


101 


Hokoto 




11.5 


m 



• Tba PttMiecKAtt*. No 18. 
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The circles drawn upon a ninp of Formosa about tliose 
four places with radii respectively equivalent to the calculated 
values of the epioentral distances enclose an area, whose centre 
roughly coincides with the region midway between the cities of 
Dabyu and Baishiko. 

8. Ttte Two Severe MikurthquaheM in 1901. Thi' eartluiuake 
on the early morning of Nov. 0, li)04, ut 4h 25in. rnnsed a large 
amount of damage in the thr^e prefectures of Toroku, Kogi, and 
Ensuiko, the cawalties and the number of houses damaged being 
as follows* 



T 



Prefecture. 



Kagi 

Tnrokn ... 
Kosaiko... 



Cnsiialtiea. 



KiUed. 

188 
10 
2 

Mr, 



Wonnded. 

182 
16 
0 

14S- 



Number of Houses datuaged. 



Totally I Greatly 
(lostroyed. tliviiniReil. 



42.'> 
02 
8 

•J 90 



1021 
00 
4 

1 fwn 



Slightly 
damaged. 

1458 
617 
5 

r'7- 



Tlius till- iiuinht-r t>f the killed was nearly equal U> that of the 
wounded, which is much different from wliat is u.^ually tlie case in 
whicli the number of the wounded much exceeds that of the 
killed. According to the above table, 1 person was killed for every 
3.4 bouses totally destroyed. This ratio is much smaller than 
what takes place in Japan proper: thus, for instance, in the great 
Mino-Owari earthquake of 1891, there was 1 person killed for eveiy 
11 houses totally destroyed. These pceulialities in the Formosa 
eartliquake are evidently due t(i the had constmction of the native 
houses in the island, as remarked in <i 2. ;\s c;in easily he 
demonstraied, a very bad material of construction, which jtossesses 
DO tensile strength, has a very serious defect, namely, it causes 
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PL. XVI. 

Fig. 1. M»p Showing the IsoBeismai Lines of the Barfchqu^ce 

of Much 17, ltK)a. 
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TliP Faishiko Fault. 




Kig. 4. Shi-ar of tho Taihoria-Baishiko Road ; tho forogrouml (suuthiTii siiii ) 8uuk 6 fevt 
nnd was displaced 0 foet trettwards. (X } Mark thu former coalintiation of the nwd. 




Fix Ofmjral r'wvr of th>? Kmilt from south-ooat. Tho It-lt-lmnd (soulliem) ddo wo« 
'le|>iei-se<1 6 fet-t, alof ing down towards the fault line. 
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Fit;, t'l. CliiniMkiryo Fault: ii widit crack foru)<>d on a tiat hill-tii|) t;r«>iin(l, thu <lepth 
U'int; more Uiau 11 teet. A 2 ft. ccalo plai-ed across the upenio); ihowM tht- width. 




Fit;. 7. <ireat' ^nnd Kruption, near the villii;;u of Sail(i>«>ki. The ctiltivatcd lit.-]<lii «ri>r« 
coTfred with sand to a depth of 2 feet. 
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Vi'i. S. The New Siih-l'rvfoctural Office Sbinko, showio); the effect* of ril)r»tion of tlie 
front li>wt>r. Thu buildiag was uf nrood, with plastered walls.. 




♦ 



PfnlimiiiAqr Kota «a the Vrnmotm Eartlmtuilte of Umh 17. 1906. Q3 

the seismic stability of the wall to l)o nearly indepondoiit of the 
thickness; very thick walls of the T'ormosan dokaku^ therefore, 
being thrown down by earthquake shocks quite as easily as thin 
ones. Had the same earthquake taken place in small towns of 
Japan proper the casualties would have been very slight. The 
intensity of motion in the most strongly shaken area was neniiy 
half of that at Gifu or Ogaki on the occasion of the Mino-Owari 
eartlitjuako. 

In Foriuo.si there are also a large ntiinlu r of houses or 
cottages, huilt of bamboo, with very lit^lit roof-. Tliesu were of 
course not damaged by tho earthquake. Wooden building in 
ordinary Japanese style also received no particular damage, except 
cracking of plastered walls and the disturbances of roof tiles. 

The area of destructive motion was a narrow sone, whose 
length and breadth were about 57 and 23*" respectively. This 
aone, whose longer axis was in a NNE-SSW direction, stretched 
from the vicinity of the town of Torokn on the north to the 
vieinitv of the \illam' of Rliin-eisho in the Jjontli ; tlic shock 
having l)een strongest in the district between the towns of 
Shinko and Kagi, at tlie middle of the area under consideration, 
or at about laL 23°30' N, and long. 120^26' E. 

The earthquake of April 24, 1904, at 2 39" P.M. which also 
disturbed the south-western part of Formosa, was not so violent as 
that of Nov. 6, but its area of disturbance was much larger, and 
the zone of severe motion, whose length and breadth wore 123 and 
32** respectively, ran in a NNE-SSW direction from the vicinity 
of the town of Toruku on the north to the vicinity of Banshoryo 
and Hozan on the south. 

The position of the centra of each of the two earthquakes of 
April 24 and Nov. 6, 1904, may also be determined from the 
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duration of the pielinuiuuy tremor ol)servecl at the difTorent phices, 
the epicentral distance being calculated by the same formula as 
that ^ven in § 7. 



J'^arthinake of April 24, 1904. 



Place. 


Duration of Fk«L 
Tranor-y. 




^^biIioIeu •** •«* 
Tfti^biii *»• •** •«« 

dPftitO ««• ■«« mmm »p* 

Hokoto *•« 


28.7 wee. 
11.4 
18.8 
18.7 


246 km. 
120 
181 
180 


Earthquake <^ Nov. C, 1904. 




Dumtion of Prel. 
Tremor 


Epiceutral 
Distance oX. 


7&lllolctt ■•• 

7aicliu •** ..a ... ... ... 

^aiu&Q ««ff 

Tmto ••• p«4 

Hokoto • 


28.8 see. 
11.2 
8.8 

15.5 
9.0 


246 km. 
119 

98 
130 
108 



The circles drawn, for each of the two earthquakes, about 
the <liffein:nt i»l;UH's with the radii equivalent U) the conc-pdnding 
epicentral <liHtaiu'es> eiiclotje an area, wliose centre approximately 
coincides with the middle of the moizoseismal zone already 
mentioned. 



in XMM.* The violent earthquake of Nov. 6, 1904, was 
email in area, and its epifocos had a length of only 57*", nearly 
coinciding with the northern half of that of the earthquake of 

* Tbtt tiiuM ate given in tbot of hng. 190* B. «f Gnenvid). 
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April 24 ill the . same year, wiio.-r c])!!^!*-;!! zoneluid u length ol l"^;;''". 
ThiL^ till- April earthquake wa.s in luagniiude, 2 or .'> timci^ 
greater tliaii the November one, while tlic intensity of motion in 
the latter was veiy mueh higher than in tin former, the difference 
in the amount of the damage and casualties being also consider^ 
able.* It is evident, therefore, that the focus of the 1st earth- 
quake was deep, while that of the 2nd was shallow. The two 
seismic foci may diagraromatically be represented by the two lines 

Jtairth mrfitee 

s c — ^ 

Fig. 10. 

B 

A ■ 

A and B respectively (Fig. 10). It is probable that the second 
earthquake was in some way connected with the first; and, as the 
direction of the maximum displacement at the. different places was 
in the 2nd earthquake gcaerally directed toward the epifocus, 
which implies an initial outward motion, the cause of these two 
shocks was jirol aMy the Midden formation in an N-S direction of 
an underground v.t\ity. tin- I'ud eartljquake being due to an 
upward extiMisioii of the latter at its nortli rn part. Thus it was 
to be inferred that th ' earthquake of Nov. 6, 1001, was only a 
disturbance which marked an intermediate stage in the develop- 
ment of the seismic activity along the zone under consideration, 
leaving a possibility of tbe occurrence of a final destructive shock, 
whose origin would be quite near the surface and at the northern 
end of the opifocal zone of the earthquake of April 21, 1D04. 



* T. o^e tvto tiirth ^uakca 01:43 Nc& 15 and 10 giveu in tbo T^k, § 1. 
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From these considerations, and also because sudi severe but local 
shocks as those wliich haitpcned in the soulli-we^tern part of 
Formosa, often take place successively at noighhouring places in 
the cours^e of a few years, I stated at the time of my visit to 
Formosa in the end of 1004 that the districts about Kagi might be 
visited after some years by a third shock, against which, however, 
it would be possible to make structures earthquake-proof, provided 
proper cares be taken in the building.* My anticipation was, in a 
measure, fulfilled by the occurrence of the earthquake of March 
17, 190G, although its e2)ifocal zone was at right angles to those of 
the two preceding ones. 

After the occurrence of the di-structive shuck March 17, 
accompanied by the forniatiun »>f remarkable faults, it wtui to bo 
expected that the next severe shock, if any, would rather have its 
origin displaced southwards and at a greater depth such that the 
surface intensity would not be so very violent. I have stated this 
view in a Tainan daily newspaper, the Tainan Shinpo," of 
April 13, 1906, and on the next day, April 14, there took place 
an earthquake, nearly as extensive as that of March 17, the origin 
however, having \)ccu displaced ahout 10 miles towards the south, 
so that the city nf Kagi was now at tiie northern limit of the area 
of destructive motion. Theposilion of the origin of the earth- 
quake of April 14, which was accompanied by no surface fault, 
was approximately 

(Longitwle, 12if 30' E 
{Latitude, 23' 25' N. 
lO. FerMiie MepeHN&»u of Ittronff After-Mh^eha. Hie 

violent eartlKpiak of March 17, l'.>f)('>, was followed l)y numerous 

• F. Ouori : "oa Uie £arMi.iuikt;« iaFormm." Rtptrtt (JafKMeM) i^the Imjperial EarOt- 
qaalx tnvtttiffntloti CommHtte, No. SI. 
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after-shocks, attended by ilie usual phenomena of sound. What 

was very peculiar in this case the abnormal severity of many 
of tliese subsequent shocks, some of wliich, like the severe earth- 
quake of April 14, was in reality not an after-shock at all, l»ut 
rather a sopai'ate manifestation at a different place of the same 
seismic activity which caused the first great shock. The following 
table gives a list of the more prominent among the after-shocks, 
which occasioned more or less damage. 









Time of ^ 




Somlier «t 


No, 


i 1908. 




oecurrtinco 
at tbe origio.* i 

1 


IrlWBOtllWi 


Killed. 


Woaaded. 


Hoana Hoon 

totelly ' partiKlly 

dMtroyed.' deBiroyed. 


iBital 




k at • 


I Toroku. 
J Kagi. 
' EnsuikO. 


11 

1237 
1 


S6 

5 


254 
5345 
C3 


2900 
40 


1 


March M U. 2a SO A.H.| 


) Toroko. 
( Kngi. 


0 
I 


4 

1 


16 
4 


17 

as 


i 


April 


4 


8.42.00 P.M. 


Kagi. 


0 


0 


5 




s 

5 


■ April 


« 
7 
» 


2- 68. 00 A.M. 
0.62.40 P.M. 
(i. 39. 40 A.M. 


/ Bomika 


• 


' 


30 
18 


so 


6 
7 


1 " 

' April 

1 ** 

j 

! 


!4 

n 


1 

3. 18. 00 A.M. 
7.52 00 M 

! : 

1 


Kagi. 
\ Toroku. 
1 EnNuikO. 
I Tainan. 
^Banshoryo. 

/ Sh6k4. 
Taicha. 


I 

9 

0 

0 
0 


60 
4 

17 
.1 
4 

*> 


829 
34 

639 
U 
4 
'i 


1320 
65 
482 
25 
15 
7 
1 
1 



It may here be noted that the study of the after-shocks of the 
Mino-Owari and otlier recent large Japan earthquakes has shown 
the existence of a series of periods in the variation of the number 

and intensity of these slu)eks, the most well-<lerine(i ones being 
4l day?", »S or 'J days, about 12 days, and about 3i> days, in lenf»th. 



• Ttuics are given in tbat of longitmin 120° K. 
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Of these, the first is evidently the fundameotal period, and the 
others are probably its multiples.* I have recently examined the 

variation from day to day of the atmo:splieric pressure for Tok3'0, 
Gifu, and for wliolc Jajian, and found tlie period:^ of 1,6 days. 
9.0 dayh, and o4 day.s. It tluis seems highly pi'uhul»lo that llie 
different periods in the seigmi(> frequency above mentioned are 
due to tlie fluctuations in the barometric pressure, f 

Now what is very interesting of the after-shocks of the 
Formosa earthquake of March 17, 190C, h the regularity with 
which strong shocks happened successively, tli- j l iod being that 

of y days. Thus the first strong after-slioek (So. 1 in tlie fore- 
going tahle) took plaee on March *2(>, ahout days hour^ after 
the initial violent earthquake. As this oireunistance seemed to 
indicate the predominance of the U-days periodicity, I predicted 
the possible repetitions of strong after-shocks at this interval. This 
was practically verified, and the next severe shock (No. 2) 
occuiTed on April 4, about 0 days 9 hours after the first (No. 1), 
the strong shocks Nos. 3, 4, and 5 being regarded as forming 
a gi-ouj) with No. 2. Thus the inhabitants in the city of 
Kagi and other j)laces began to put great faith in the period- 
icity of the recurrence of seismic ]>)H'nomena. such that on the 
night of April 13, which happen, d to he 0 days after April 4. 
the date of tlie shock No. 2, many ]K'ople anticipated the 
occurrence of a strong disturbance and did not go to sleep. As a 
matter of fact there took place the next morning two very severe 
earthquakes, the time interval in this case being 9 days 7 hours. 



• F. Omori : *'The Aftcr^lttclHi of Earthquake*." Jonr. Coll. Sc., Imp. UbIt. Tokyo. Vol. 
VII. P*rt 

t F. Oiuori : * On long- period* VariaAionB of tbe Atmosplieiic PietBuro ' Utport* (JapuDe^eJ. 
o/iha Imp. Earlhqmke InKUigatiiM Co«flMllit» Otv. 57, 
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The earthquake No. 7, wluch was tho strongest among the aftor- 
ahocks, apparently restored the equilibrium of the disiurbed 
earth's crust in this pert; of Formosa, there being no subsequent 
severe shock. 

Tokyo. 

January 1007. 
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Comparison of the Faults in the Three Earthquakes of 
Mino-Owari, Formosa, and San Francisco. 



By 

F. Omori, Sc. D., 

Member of Uie Imperial Ettrtlii|uala* hivestigatioii Conuaittee. 

The tlircc great eairthquakes of Mino-Owari (Cciitml Japnn) uti 
Oct. 28, 1891, of Kagi (I' orrnosa) on Marcli 17, lOOfi, and of Snii 

Francis-co on April 18, wciv t aili accoiiipuijiL-il l>y tin* furiua- 

tioii of remarkable faults, whu.-c tolnl length^ were almut 100, 'lU, 
and loO^** respectively'. The disloeation in the .Sm Fraiicijjco earth- 
quake Avas formed partly uloug, aiid partly off, (he west eoast of 
California, Ix^Ionging to tlic category of longitudinal faults. The 
dislocations in the Mino-Owari and Kagi earthquake!^ were, on the 
other hand, formed nearly at right angles to the cour^so of the 
Main Island (Nippon) and the axis of Formosa Island respectively, 
both belonging to the category of transverse faults. Notwithstand- 
ing tliese differenees, there are ei'rtain similarity among the three 
cases. Thus, in each earthquake, tli<- (rn\'> tiiiii of nii itinn at dif- 
ferent places in liie irrniuHliat?* neighhouiltooil of tiie fault was not 
IKjqjendieular, but more nearly parallel, to the latter. Thib sc;oins 
to indicate that the formation of the faults wa> mainly due, iu each 
case, not to such actions as the simple falling down or sudden 
creation of a cavity underground, but to the existence of shearing 
stresses in the plane of fracture, iM>ssibly of two opposing forces 
acting either from the, centre toward both ends of the fault line, or 
toward the centre hx>m both ends. 
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The accoiiipauying figure is a diugraniiuatic illustratinn of the 
3 faults, the line <il> indicating, in each case, a straight line (say, 
road) which suffered a shearing movement in such a way that the 
part b on the depressed side was displaced to the new postition h\ 
being generally transformed into a curve. 

From the figure it wiU be seen that there existed in each foult 
what may be called the central point, where the disturbance of the 
ground is greatest and alnnit whicli tlic shuar and deprestsiou along 
the line of dislocation is more or le.-?:s &yniniutrical. 



OmiN. 

........ m.NltW 




h' b 




b b' 



Full lino Fiiolt [afeeriaiiiidK 

Duttwl line I'ri'UiUt contimmtioa of fwilt. 

Shaded part Depressed rfjjiuo. ; 

Lightly ihs^tcdfWt.. ProbtiMe (l<-pn>i-8ion. 

Amw ••••• Direction ot maximum (vibratory) mQixvn, 




b' b 
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In tlic cise of tho .Mii!o-< Kvari oarthquako tlio Ccititnil |) »iiit 
was in the vicinity of the villaii;o of Midori in the No*>- Valley, 
where a very remarkable depression of the ground took place. 
Hie corresponding point on the Formosa fault was between the 
villages of Bisho and Kaigenku. In the San Francisco earthquake 
the northern half of the fanlt was under the ocean, but the central 
point was probably in the vicinity of the Tomales Bay, the 
greatest amount of disturbance having oi't;urre(l there. 

The iireatc'>t viM-tical diblucatiou of IS feet otruncd in the 
Mino-Owari I'artliquake, while tlie greatest horizontal shear occurr- 
ed in the San Frand^-o earthquake. The lattei: has shown a 
vertical displacement of only 1 or 2 feet, while the former was 
aocomimniod by a large horizontal ahear of about 16 feet. In the 
Formosa earthquake, wiiose inagnitud*; was much amaller than the 
other two, the vertical and t)ie horizontal displacements of the 
ground were each of a moderate scale, tlie maximum amounts being 
G and 8 feet respectively. 

The maximum vibratory niotion in the Mino-Uwari earth- 
quake shnwt'd a ti-ndency of being direeU^d from the <'entral point 
towards both ciid.s ; while, in each of the two other earthquakes, 
the same motion was, far us can he ascertained, directed from 
one end towards the centre. Again, the direction of the max- 
imum (vibmtory) motion was, in the Formosa earthquake, the 
same ax that r)f the shear of the depressed ground. In the two 
other earthquakes, however, the reverse was the cose. These 
differences are probably due to the diversity in the manner of the 
action the force along the fault pUuie which finally produced the 
diaiocations. 
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N ote on the Transit Velocity of the Formosa Earthquakes 

of April 14, 1906. 



1- Tlie tiino of ot'curreijce of the sen t k i^i mosu earthquake 
in llic luui'iiiiig of April 14, lOOG,* has hoeii exactly observed l»y tlic 
present writer widi a chronometer watch, at Taichv whose 
epicentral distance is about 90^. The earthquake wa.s al:^o satis- 
factorily registered by the Omorl Horizontal Pendulums at Tokyo, 
whose epicentral dis.ance is 1710^*" or 15.%, The liinee{ of 
occurrence at these two places were as follows : — 



DifiFerence 4" 24* 

As ihe difference of the epicentral distances of the two places 
is 1620^, we obtain a mean- transit velocity of 6.15*" per sec. 

B- The above earthquake was }>receded by another shock of 
nearly an eqnnl extension, whose tinw of occurrence observed at 
the Meteoruk»gical Observatory of Tait hu was, with proper time 
con-ections, 4^^ 18"* 20' A.M. T!n> tirm* of the same earthquake 
registered hy the seismograi)hs at Tokyo was 4" 22°' 2U' A.M.| 
From these olisorvations we obtain : — 

(Time difference between Tokyo and Taichu=4'" 0\ 



By 



F. Omoii, Sc. D., 

I^Ieuibev of tlie Iiu|jeriiil Kurthq^uako luvostigatiou Comiuittcu. 




.8* 56- 46* A.M. 

.8 52 22 „ 



Mean velocity 



=6.76**'] 



per sec. 



t Tbem tiasc« at* gitva in thait of longitaJe 1 3ft* E. 
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74 V. Otnori : V4^1oiity af iho Formosa Gaxtliqiiakes. 

jSu}>j>osinii the value of the trjin-ait velocity given in $ 1 t« 
be twice as accurate as that given in ^ 2, aufi taking tlx; mean, we 
obtain : — 

velocity =i).'A')''"' per sec. 
This value which relates to the tli.stitnce difference between 
the epiccntral aicual leogth of 0/8 and although it is the 
result of calculation by the dif^enee method^ is really that calculated 
by the direct method^ as one of the places taken for comparison, 
nameiyf Taichu, was quite near the earthquake origin. 
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Notes on the Valparaiso and Aleutian Earthquakes of 

Aug. 17, 1906. 

F. Omori, Sc. D., 

jUombci* or tlM Impeml Earthquake forastigatka CommUtee. 

1. M$tfr»aHeH«n* It a quite remarkable fact that, on 

Aug. 17, llJOG, nlmost simultaneously with the i^rcat Valparaiso 
i'arthf|uako tliere was anotlier large shock oil' tho Aleutian Islands. 
As will l»e set'u from later tlie Valparaiso shock occurred at 0* 
-ID'" O.V (G.M.T.), the approximate jmsition of the origin l)eing f= 
liV S, ^=7;]' \V. The other eartlupiakc took place 28" 21' earlier, 
or at 0* 11* 44* (G.M.T.), the origin being approximately at y^SO* 
N, '^—175'' E. As will be seen from Fig. 1, the latter position is 
on the outer side of the Aleutian Islands arc, where the sea 
bottom quickly descends to the north Pacific basin whose depth is 
over 7000 metres. The topography of the vicinity of the origin of 
the Valparaiso eartlupiake is also highly characteristic, there being 
ii marked contrast huLwccii the ilop.h of the water and iha 
elevation of the mountains. Thu<, there is, (juito close to the 
con&st, the Chile hasin, where the water depth is over 7G0O metres, 
(Fig. 2), while the peak of Aconcagua, in the Andes, reaches an 
elevation of 0070 metres. 

The Aleutian earthquake furnishes an instance of the eeismie 
manifestation along tlie exterior, or convex, side of an arc formed 
by a series of islands or mountain chains, such side being generally 
much steeper than the inner, or concave, side. The Japanese 
Islands, the Himalayan mountains and the two islands of Java and 
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Sumatra are other good examples of the relation of the seismic 

activity to the curvilinear topograpliical form.* | 

fftittJfcM. The reiitres of tho two cai iltqiiakes of Valparaiso an<l " 
Alt'Ulinii Inlands are separated an arcual distaiH i.' of 12()' 5()', 
or by a little more than two-thirds of the eartlTs seini-circumference. 
The interostiDg feature is that tljese two diaturbance^: were no in- 
dependent phenomena, but were simultaneous manifestations of 
seismic energy at both ends of the great earthqunko zone extend- 
ing along the Tvholo Pacific coast of North and South America. 

The latter zone in indicated, in Fig. !i,X a line marked 6 G, 

the numerals 1,2, 3 and 4, indicating the approximate positions 
of the different pje\ ions earthquakes, as follow.* : — 

(1} Ahiskii Earthiiuakes of and Iwou. 

(2) Mexico and Central America earthquakes of lUOO 

and 1002. 

(3) Panamai Columbia and Equador earthquake of 

190C. 

(4) San Francisco earthquake of 1(M)0. 

5 an<l (i indieate respeetively tli> ori};ins i f ilic Aleutian and 
Valparaiso earlhquukus. Tlui [losition t)f the eentre of tlic first of 
tlie last mentioned di!5tur]»anees is near to the Kuriles and Hokkai- 
do and may be regarded as tlie ai>i)roaeh to the nortli-eastern 
part of Japan of tho great seismic activity already manifested along 
the other side of the Pacific. The successive occurrence of large , 
destructive earthquakes along the zone extending from the north 



*TheN relation* h«te been discussed fa detail by thit prmnit Antbor in the i:-i' <rt$ 
(Jafaui'to) of the Imp. Earlhquith' fi i . dm.. So. 49. Sco also tlio next Articl.?. 
Fii;». I ttii'l - arp biMod on *' fetilU r Ozeau " edited by Scowarle (tiambur);). 
tTlU :• ft slight uiodillcati«n of Fig. SO, giToi on page ti, at the Ituttetiu, Xo. U 
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Mediterranean to the Himalax as, and jx)ssibly to Formosa, has 
already luen noted in the Ihiflrtin, Xo. 1.* 

». SciHHioaratHH, As stated before, tiie Aleutian earliiqiiidve 
occurred nearly half an hour buforo the Valparai.^o earthquake. 
The motion duo to the latter disturbance was, therefore, in the 
seiemographic records pai'tly confused by that due to the fovmesr. 
In the seisroograins obtained at tlie dififei'ent Japanese stations, 
however, tliis circumstance caused no mistake, as the commence- 
ment of the Valparaiso earthquake was clearly indicated by the 
appearance of small quick vibrations usually" marking the 1st 
pii liniinr.rv tremor of the seismic motion. The Vicentini s».-ij?iii()- 
grain uUtained nt Xfanila also shows clearly the vibrations duo to 
the Chilian eartli(iiiake. 

1 have liere to express niy thanks to the Directors of the 
Observatories of Osaka, Manila, Ximeniano, Querce, and other 
places, who have kindly supplied me with the copies of the seismo- 
grams relating to the two earthquakes in question. 

Most of the observers in Europe have, in the analysis of the 
seismograms, mistaken the first or Aleutian Earthquake for that 
of Valparaiso, the only exceptions as far as I know being I'adre 
Alfani anil i'lofcssor Wiechert. I'adn? Al rani has written a note on 
the reaulU obtained at the Ximtniano ol»servatory, giving 0* 58"* 
16' (G.M.T.) for the conunencement of the 2nd (Valparaiso) earth- 
quake4 Professor Wiechert gives 1'' 13" 30' (G.M.T.) for the 
ooiresponding phase of motion observed at Gottingen* 

I give next the result of the analysis of the seismogroms 
obtained at Tokyo, Osaka, Manila, and Quorco. As usual, the 

t Padre Alfani : Appunti sul Tmenoto ii Tft1|)ai»im.^' ShiHa di FMea. Uattmatiea « 

Seittue Xaluiali ^VavU), Xo. 1900. 
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symbols «, 2(i, and T, will be used to denote le-poctively the 

amplitude, double aiuplitudo, and the complete period of 1 

vibratiou. The lima ore altvuifH ijivcii in G.M.T. 1 

ANALYSIS or Itit SEISMOGRAMS. 

4. Obaervafion at iloitffOt Tokjfo* 

( 1 ) EW Component. Pig. 5. Pi. XXIV. 

ri. XXiV is a rc|)ro<liicti.)n of the EW Componont dingiani ' 
given by a horizontal pendulmn set up in the brick " earthquake- 
proof house," at HongOf tlie instrumental constants being as 
follows* 

PeriocI (complete) of free oscillation ==28 8?e. 
Maltiplication of the pointer =10 times. 
Weight of the heavy cylinders: 14 kg. 

Leogtb of the horis^utal strat, ox the clistance between the centre of the i 

heavy cylinder and the point of snpport^l metre. 
Vertical distance between the points cS sapport and of saspenBion=:2.5 

metres. 

Meutian Earthqttake, CommencementBO* 17* 20*. 

PreUmimrij Tremor. DuTation— 5"23'. During the first 1" 5', 
the niotioii was very small, tlie conimenceineiit being slightly , 
uncertain: — r=6.4 sec. 

For tho next 1" o")', tho motion was well detined, forming the 
most active part in this phase : — 

7b8.5 see., 2a=0.35 mm. 
• T\n9 \n rn > of th^ hori/^mtil p- nJultuTH ooMteneM in 1897. vbidi luM be«n wfemd tOM 

.J-ft|>parutii8 lu the PMicaiiuiit, No. o. 
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Tlie .subsequent motion was smaller, consisting of the threo 
following setii of vibrations : — 

9.0 aec.» 2a=:0.27 mm. 
T= 4.3 M (soiall). 
T«30.9 i'a«0.35. 

Principal Portion, Comniencemeiits=0*2 .' * 43*. [Ist A 2nd 

phases.] Duration =2"" 05'. The very first displacemunt was a= 
1.4 mm., direcUHl towards W. Tho motion was as follows : — 

Daring fcfae Ut 50 sec T= 25.0 s. , 2a = 2.9 iuid. 

next 1- l5-*,...f=^7'^«" 2a=2.0iiim. 

ir= 8.0 s.. 

[3rd phase]. Duration =2* 56'. The record consists entirely 

of nearly equal pendulum o.=cillations as follows : — 

Ts:27.1 sec.. max. 2ass9.8 turn. (2Dd vibrabiou). 

The very first displacement in this phase was ass4J5 mm., directed 
towards W. 

[4th pliase]. Duiatiou=3" 2' : — 

Tss20.2 aec, 2a=5.6 mm. 

The subsequent motion was as follows : — 

( i ) During the Ist 10" 00' ; — 

{Tb19.4 sec., 2aB 1 .78 mm. 
r:=:ll.l ,.^1.20 



(ii) Duriii^r tin- next lU"* oo' : — 
rr= 17.0 sec, 2a= 1.20 ram. 

r=io.5 „ „==i.oo „ 

(iii) During the next T 10': — 
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TsslO.5 aec, 2as0.55 mm. 

Tss 8.3 „ (small). 
Then there aiipoured tbo commencement of the 2nd or 

Valparaiso earthquake. 

Valparaiso Earthquake Commencement =1* 00" 65*. 

l.<5< Prdwiinavij Trrnior. I )iiiat iun= 1 S"" .IS'. Tho comimence- 
nient of the Vulparait^o earthquake was marked by the a|)j)earnnce 
of small quick moveuients of T=abont 4 ?ee.. mixed with tho 
vibrations constituting the end portion of tiie Aleutian earthquake. 
7" 45' later on there appeared again some small movements, of 
similar sort which were probably the seismic motion propagated 
along the major arc between Chile and Tokyo. The elements of 
motion in this phase, which partly relates to the vibrations 
belonging to the Aleutian earthquake, were as follows : — 

fT= 9.3 sec, 2a-0M mm. 

Jr=M5 .,=0.5 

(r=:>y.7 .. 

The end c.f tlie 1st prt-liiniiini v tremor was not well defined. 

2nd Fnlimnarij L'irmor. Conuiiencenn'iil^ 1" lO" 53'. Dura- 
tion =23" 36*. During the first 0'" 3', the motion was comparative- 
ly small. During the next 3" \h\ there were 6 regular 
vibrations : — 

T— 32.5 sec., 2as=0.B5 mm ; 

mixed with small movements of T^^.Z sec. 
The subsequent motion was as follows : — 
( i ) During 2"* 48*, the motion was small : — 
T= 9.7 8ea, 2as0.d2mm. 
r«l8.9 „ „=s0.8 „ 
(ii) During tlicrc were 2 slow vibrations : — 
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r=2U.5 H'ic., 2a— 0.6 mm. 

(iii) During 5* 47', motion was* small : — 

!r- 11.8 nee, *ia=0.3 nitu. 
r= 8.7 „ „ =0.2 „ 

Tlioii, jit 1'' o-S" 31', the motion becamo again pomewluit 
more active, possibly coiTospoiiding to tlie propagation along tho 
major arc. The motion daring the remaining 4" 43' was as 
follows : — 

7b 1 i .2 se:., 2ass0.42 mm. 
r=. S.2 „ 

The end ol tiie 2nd prciiniiuaiy tremor was not well doiined. 

Principal rorUon, Connnencoments 1' 43* 13'. 
( i ) J)uriiig the let 8" 32' : — 

jr= \):2 aw. , •2^t = U.'23 nun, 
|r= 1-2.5 „ 2a=0.i.> .. 

(ii) During the next '2" 44' : — 

T— a2.8 «eo., 2as0.timm. 

This part which ])n>hal)ly eonesjxjnds lo tho ord phosu of tho 
principal portion, owiurred at 1* ol" 40', 

(iii) During the uu&t 8" 33*, there were 2 max. groups : — 
1 1st gr;)iip DuTation=3'- 46« ; 7=22 « sec.. 2a=2.S5 mm. 

i-2nd ., Du ration = :r 5 ^•; 7=21.<> „ , 2a=20 „ . 

In the n)inimuin part hulween the^e two maxima, there were 
amaU vibrations of '/'=li).3 see. 

(iv) During the next 1 1" W 

T= bee , 2a=0.74 mm. 
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At niii)inmni epnclis there were .«n)all vibrations of r=8.8 sec 
( V ) Duriug the next 22" 15' : — 

Tsz 19.0 flec.t 2a= 0.5 mm. 

Then at 2'' 3(i" 59', there took place two well defiaed 
vibrations : — 

Ts:20.0 8«c., 2as0.7S mm. 

Tlieae may correspond to the 3rd phase of the principal 
portion propagated along ttie major arc. For the next 4" 14' : — 

T=s22.1 sec. 

Thereafter the motion consisted of quick vihmtions and 
gradually died away, with alternations of maximum and minimum 
groups. The motion during the subsequent suocesUve epochs was 
as f oUows. 

(i) Dui-nigG"' W : — 

T— I G.4 BSC, 2a = 0.2a mm. 

(ii) During 6* 6? 

r= 1 8.2 86C, 2as 0.29 nam. 

(ili) Duriug 5" IC : — 

r= 1 7.2 sec., 2a= 0 1 mm. 

(iv) During 9" 14* : — 

T= 15.S sec., 2a (small). 

At 3^ 52* 21' there appeared again some slight slow vibrations 
of T=18.3 sec., which were probably due to the Aleutiau earth- 
quake, being the Wj motion, or the repetition of the motion (8rd 

phase or the prineipal i)ortion) first propagated along the ininor 
arc. 
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(ii) Vertical Componeut. PI. XXIV. 

Fig. 6, PI. XXIV is & reproduction of the diagram given by a 
vertical motion seismograph, whose instrumental constants have 
been given in the JMIetin^ No. 1, being as follows : — 

Lmgth of tbe veitical icpjEal &-x)ringsssL2 metxe. 

Horizontal distanco bstn-esti the centre of the steady tuass and the pivot 
si. 2 metre. 

Weight of tbe heavy hob^S kg. 

Katural oectllation periodB6.0 sec. 

MulUplicatioQ of the poir.ters 12. 

Meulian Earthquake, CommenccmentsO" 17** IT. 

I*rdiminarij Tremor. Duration'=5"' SS*. The motion began 

wiLli quick movemonts, the vibratiuus dui'iug the succesiivo 
epochs being a& follows^. 

( i ) r& T=:3.3 sec., 2rt==0.05 mm. 

(iij 2 ' 2(1' Motion was active : — 

jr=y.4 sec, 2a=0.09 mm. 
Jr=5.2 ,. ..=0.15 
(i'=3.G „ (siaaU). 

(iii) 2" Motion was small and nearly uniform : — 

'i'=3.5 Boc, 2tt=0.03 mm. 

Piincii>ul Vortion. Commenccment=0'' 22"" 44'. 
For tlie first 2*" 40\ the motion was small, bat there were traces 
of some slow vibrations : — 

17^2*2.8 »ec., 

ir= 4.7 „ 3a=0.09inra. 

Then s<'t in tlie ^-low vibration epoch, the motion being most 
marked for the next 0" 30', as follows : — 
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34 Omori : 

( i ) 1" 8' Thero were 2 slow iiiovemonta : — 

j T= M,0 sec., 2^= 0.19 mm. 
{t- 4,0 „ (snwU). 

(ii) 1" 11'. There were 3 well defined vibratioQs : — 

Ts^m sec., *2as0.22 mm. 

(iii) 4" 8* The ainpliimle gradually decruiijiecl : — 



|r=20.7 sec, 2o=0.l7 mm. 
iT=12.4 

The subsequeiLt motion was small and regalar, the vibrations 
during the successive epochs being as follows : — 



(i) 5* 5* T^2i.Saae., T^\0,9aec. 

(ii) 2 9 r^l6.1 

(ill) 1 50 r=ii.p „ 

(iv) 3 39 r=l0.9 .» 

(v) 9 54' r=11.7 



Val;<araiso Eai tJiquakc. Coi»iinci)cenient= I'' 00" 34'. 

1*< Preliinimrif Tremor. Duration = about 18". The com- 
mencement of the Valparaiso earthquake was indicated by the 
ai)pearanco of small quick vibrations : — 

T=;i.5 sec, 2a=0.1'2 ii.uj. 

These vibrations existed more or ks.s througliont this phase of 
motion. There were, howover, some increase in amplitude at 6** 
35' after the commencement of the earthquake, due probably to 
the propagation along the major arc. 

2ttd PrditHmirii Tremor. Tlie motion now consisted entirely of 
slow vibrations, as follows : — 

( i ) During Ihu fir^t 7 "UV : T=ll.l sec. 
(ii) „ next 7"" 26' : r=11.2 sec. 
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'3rd I'htise of the. Principal Portion. Commencement = 1* 52" 18*. 
The motion began with slow vilirations of 'Z'=2G.8 sec, which 
were coniparativoly small during the first 3" T. During the next 
9" 25', the motion was most active : — 

r(i) Fortbelstd*'44':— TB22.4Bec.» 2a s 0.046 mm. 
t(ii} „ „iiextft**41*:— T=19.2 » 2as0.05 inm. 

The subsequent motion was smaller, the T beings 17.1 sec. 

(iii) EW Component. Fjg. 7, i'l.XXV. 

Fig. 7, PL XXV gives the earlier part of the £W component 
of the Aleutian earthquake as recorded by a duplex horizontal 
pendulum apparatus* in the Seismological Institute, whose instni* 
mental con'stai^ts are as follows : — 

Period of free OBeil]atioiiB4l.5 see. 

MuliipUcatioQ of the pointerBdO limes. 

Weigbt of the heavy cylinders 16.5 kgm. 

Length of the boris >nta1 strat=s0.75 metre. 

Vertical distance between the points of support and of sa8|)enBi0D 
= 1 metre. 

Aleutian Earthquake, 

I^elmmartf Tremor. Duration^S" 5'. The very 1st cHsplace- 
ment was well marked, being ^=0.04 mm., directed towai-d W. 
For the next 1" 3', the motion was small : — 
r=5.0 sec, 2a=0.05 mm. 

Then the motion became suddenly large, commencing with a 
displacement of mm., toward W, followed by the counter 

motion of 2a— 0.43 mm. toward E. During the next 4** 2*, T was 

sec. 

* Tliis ia a portable fona instrutnent descnbeil iu the FuUkalions, No. J8. 
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Plicipal Portion. The motion became much larger, the 4 initial 

displact'iiiouts being as fnllows : — 

( i ) a =0.2") mm., toward W. 

(ii) 2a=0.7B „ „ E. 

(iii) 2a=1.72 „ w W. 

(iv) 2a=2.57 „ „ E. 

Then the pointer went out of the smoked paper, toward W. 
The period of these vibrations was 31.2 sec., there being also 
some small movements of 3*= 9. 3 sec. 

Later on the pointer again entered on the smoked paper, 
recording the end portion due to the Chilian earthquake : — 
T=16.4 860. 

(It) NS Componetit. Fig. 8, PI. XXV. 

Tlie reooitl was taken by a long period horizontal pendulum 

sot up in the * ' eurthqnake-proof house," whose insti'umental 

constants are a.s lullows : — 

V^urtical diaiauoe between ibe points of snspeDsion and oi sapport 

= 2 metres. 

Effective icngth of tbc strut, or the horizontal distanoe between the 

point of support and the steady axis=l meUe. 
Weight of the heavy bob = 4(3 k<;ui. 
Natural oscillation }oericd=4H.5. 
MaitipUc%tiou of tbe pointer =20. 

Pfeliinmary Tremor. Duratiun=:5"* 19*. The commencement 
is well defined, the initial displacement being asO.OS mm«, 
toward For the first 1" 1', the motion was small : — 
Tz= 5.1 S3C., 2fBf).0G mm. 
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iadiwtad by a thort tUak Baa. 

Lmes marked 0. I. 2, 7 an Ui« linM of afial da|illi 

«f too, 1000. xOOO. and 7000 flMMt napaoUTatf 



Fig. 8. Hap tbuwing the Approzimntfl Podtkas 
of the difleront Great £«ithqnakaB which took plaoa 
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T=20.3 sec, 2a=0.U mux. 

Thea the motiozi became lai^er, the two first movements 
being as follows : — 

'(i) a=0.--i muj, luwaril S. 
(ii) 2a=0.38 „ „ ^Y. 

The T in the subsequent part was 7.9 sec, there being also 
some small vibrations of 7^3.9 sec., Tsb18.4 sec. 

Prmeipal Portion. For the first 1" 40*, the motion was small 
comparatively and had a period of T=20.7 sec., the three initial 
displacements being as follows : — 

({ i ) a =0.43 mm, toward S. 
^(ii) 2a=1.3 „ N. 
((iii) 2a=1.4 „ 8. 

At the end of this epoch there took place a vibration consist- 
ing of the two following displacements : — 

j(i) a=-2.2 mm, toward N.| t^^Sko, 

2rt=G.3o „ S. i 

The next motion was still greater and the pointer went out of 
the smoked paper, toward N. Later on the pointer again entered 
on the smoked paper, the vibrations in the end portion of the 
Chiliaa airth^Jce being as follows : — 

2a =0.55 mm. 
2a=0.20 
2a =0.05 
(small). 
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9> Obaervaiianm of ftaaka Meteoralogieal Obaervaiory., 



(i) £W Component. Fig. 4. PLXXUL 



The record was taken by an Omori Horiawntnl Pendulum 

Appaiatus of portable foriu, wJiosc iiustiuuieiUal coiiistaiit.-. are as 
follows : — 

Vertical distance between the points of suspension atid of sapport 

=86 cm. 

TiCiigtli oi the honVAiTital strut=44 cm« 

mi 

Weight of the heavy bob=lG Ivgm. 
Period of the free oscillation =27 sec. 
Mnltiplicfttion of the poioteis^O times. 

Metttian Earthquake. Gonimenceraent^O* 16" 52*. 

Preliminary Tremor, l)uradon=5* 36*. The motion began 
quite sharply, the initial displacement being 0.04 mm, toward W. m 
During the first 1* 0*, the motion was small : — 



2 = 5.3 sec.. 



2a= 0.055 mu). 




Principal Portion. The two initial displacements were as 
follows : — 

(( i ) « = 0.43 iiiUj, toward 1'. 
l(ii) 2a=1.26 „ M W. 



4 
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(0 «-66' |.^^. 



During the first 2"" 20^ the motion was small : — 

T=27J( sec,, 2a=8.3 mm. (Pend. Oaoilm?) 

For tlio next o" 22', the niution consisted of 11 gradually 
increasing pendulum oscillations : — 

8M., 2asll.2 mm. (lOih vibntibn) ; 

The 1st vibration being as follows : — 

[( i ) <i = 1.35 mm, toward E. 
2a=3.05 „- „ W. 

The subsequent motion became suddenly emallixr, the vibnir 
tione daring the snocessive epochs being as foUows : — 

[ r= 19.2 sec., 2as2.15 mm. 

=35 „ 

(r=20.4 8ec., 2a=0.78mm. 

(ii) 7- le* ^r=l5.0 „ 2a=1.25 „ 

(ill) 5*39* !r»16.1«M., 2as0.53mm. 

(iv) 12" 02' \„ « 

Tlien there iippeai-ed the earthquake motion due to the 
Valparaiso disturbance. 

Valparaiso Earthquake. Comranecement=s 1* 00"* 15*. 

l«t Prdiminarff Tremor, Duration=15" 48*. The commenoe- 
ment is well marked by the appearance of small regular vibrations 
of r=2.4 sec., superposed by the foUowing movements : — 

( r=13.5sec., •2a= 0.21 mm. 
\{T) r= 0.3 ,. (8maU). 

At 1* Od" 47% or 0" 32* after the commencement of this phase, 
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90 F. Onuxi: 

there was again some sliglit predominance of quick ■^vibrations, 
which were probably the major arc propagation, the movenaents 
being as follows : — 

jT— 15.5 sec., Qa^OM mm. 
IT= 3.9 „ 

2nd Prdiminorif Trauor, Coninionceiiienl= 1'" 10 ' 03'. Dura- 
tion b:24'" 25'. During the first 9" 3', tlie motion was as follows :~ 

!rs=12.0 see., 2a=:0.18 mm. 
Ts: 8.0 „ „=0.09 „ 
7*^23.3 », n=0.32 „ 

there lu'ing at first traces nf (tloubtful) movements of r=2'" 

17*. Then the amplitude slightly increased, there being, duiiug 
the next 3" 5', 5 vibrations : — 

TbST.O Bec.» 2as0.33 mm ; 

those were mixed with sniull vibrations of 'i'= lU.U sec For the 
next 3" 30*, the motion was small ; — 

rr^ 12.4 sec, 2aa0.075 mm. 
tr-38.2 sec.. (8maU> 

For the next 2" 38' there appeared again 5 laige vibrations : — 
Ts31.7 see., 8aa:0.35 mm. 

During the remaining G" 28*, the motion was smaller ; — 

/r=27.7 see., 2a=0.14 mm. 
Ir^lO.O 2a=0.12 „ 

iT=:12.4 2as0.07 „ 



Principal Portion. Commencenu'nt= 1* 40" 24'. [Ist and 
2nd i>ha»e!j.] Duration= 13" 53\ The motion began with 2 
slow vibrations ; — 
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r=35.0 sec, 2o=0.1S mm. 
The subsequent motion was smaller 

19.1 Mc, 2a^0.09 mm. 
TmlOA „ Saar0.09 
((?) r=67.4 „ 

[3rd phase, etc.] Conimeiicement=l* 54" 21*. The motion 
was most active for the first 7"* 8' : 

Ts23.8 aec, fSa^ 1.29 mm. 

The subsequent motion was smaller, the vibrations during the 
successive epochs being as follows. 

r= 1 8.3 sec., 2a=0.28 mm. 



(i) For?-32*:-} i''^"^ 



(11) For the next 4" 55', there was a maximum group i'^ 
T= 17.4 sec., 2a = 0.54 mm. 

(ill) For the next 7" 55', the motion was nearly uniform : — 

iT^llA see., 2as0^ mm. 
T=15.9 „ =0.11 „ 

TBd5.2 „ ,,=0.90 „ 

During the next 26* 30*, the motion was more or less active 

and comprised a series of maximum groups, whicli occurred at an 

average interval of 4" 48*; the elements of motion in the socoessiye 

maxima being as follows : — 

1X^90.8 sac., 2a»0.96 mm. 

Ist max. group \„ ^ 

* lT»19.8 » 9a»0.075„ 

f2'=22.7 ,. 2a=0.44 mm. 

2nd 



J2'=22.7 ,. 

ir=17.8 2a=(8mall). 

Ir=23.8 2a=0.30mm. 
r=l8.8 .. 



Sid » tt n A1A 

.2a=:0.10 „ . 
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4th mMC. group 



r=19.7 sec, 23=0.43 mm. 



fr=19.7 sec.,. 

•ir=i(».5 ,. , 

fr=20.H8ec., 2a=:0.;U) „ 

■lr=i4.4 „ „ 



. „ = (small). 

fr=21.1 sec... SasO.ao mm. 

" '* lr«16.0 = (boihU). 

It will be observed that in each maximum group there were 
essentially two setij of vibrations, one of which formed the pre- 
dumiiiating constituent, while the other occurred only at 
minimum epochs ; the periods belonging to these two sets being 
as follows 

r7aao.S sec. /T=3l2.8 see 

22.7 I 17.8 

, 23i) 1 las 

{A) Larger vib. < {B) &ma,\Ut viL*. < 

20.8 I U.4 
21.1 V 16.0 



.21.4 mean 1(.7 



The mean value of the {A) periods is 21.4 sec., while that of 
the (B) periods is 16.7 sec., (with the single exception of T»12.8 
sec). The difference between these two means is 4.7 sec, 
4X»rreponding probably to the fundamental period which I have 
denoted by P,.* 

The subsequent motion was much smaller : — T=10.5 sec. 



( u } Diagrams firom a Homontai Txeiiior>reeord«r. 

The twe earthquakes have been registered also by a small 
Omori Horizontal Tremor-recoder, which was originally designed 

* The PuMieatiotu, Hob. 6, 18. Sl.cte. 
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to record small local Bhocks. Each of the two horizontal 

component pendulums ]ias a bob of IG kgm weight, .and an oscilla- 
tion period of about 2 se(^. , the multiplication ratio being 45.* 

The times of commencement of the Alentian and the 
Vnlparaipo enrthqiiakes as recorded by the tremor-recorder were 0* 
17- 17' and 1* 01" 08' (G.M.T.) respectively. 

NS Com]Mneni, 

JlleuHan Earthquake. The preliniiiiary tremor lasted 5" 30', 
during which the nK»tion was most active and consisted of the 
foUowing vibrations : — 

(Tal.9eec., 2(»b0.06S mm. 

The movements diu'ing the earlier parts of the principal por- 
tion were as follows : — 

(i) For the let 2-37' 

Ts6.4 see.. 9a=0M mm. 

(ii) For the next 2" 59' : — there were G slow and nearly 
uniform vibrations mixed with quick ones : — 

Tts20 8 «ae., 2ass0.0!^ mm. 

The subsequent vibrations gradually diminished and were as 

follows ; — 

T= 13.8 sec, 2a= 0.022 mm. 

Valparaiso Barthquak$, The commencement was indicated 
by small vibrations of r—0.92 sec 

• This is DTtnctly eimilftr to the instruuK nt which I hiv»o dcicrifx-'l in th« PvMiMitAHU) SOb 1% 
tb« onlj tnodificitioa bt>ing tha uae of a cj'Uader for the PHSjrJing iarfaoe. 
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EW Component, 
Aleutian Earthquake. The preliminary Tremor : — 

Tli(3 luoveinents in tlic successive parts of principal portion 
were as follows : — 

Si ) For the ]$t 1* 49* :— Ts 5.0 see. 2aas0.022 mm. 

ii) „ „ Desk 2 02 TsSO.-'S 2as (SmaU). 
iii) „ „ „ 2 12 :~r»22.0 
!▼) n M 8 60 !r=17,7 ,. 

Tlie motion in the £ W component was much smaller than in 
the NS compouent. This may be due to some unequality in the 
friction existing between parts of the two horizontal pendulums, 

Valparaiso Earthquake. l)ui iiiy; the lir.>t oh ssec, the motion 
was small. Then the vibratioas became most active : — 

7832.2 seo., 2(1 b0.038 mm. 

9" 10* aft^ thi« maximum there was another slight one, which 
may ooirespond to the major are propagation. 

«. OftMmfton 9t MtmUm, PI. XXVI. £NE•^YSW Coin(>onet)t. 

Tlr»Tecord was obtained by a Vicentini seismograph. In 
ff^owing analysis, the amplitude is given mr^kueed^ or not divided 
by the multiplying ratio of the pointer. 

.AUutian Earthquake, Commencement^O* 20" 42*. For the 
first 5* 49*} the motion consisted of quick vibrations : — 
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J7'=2 4 sec., 2a = 3.5 mm (pendulum oscillatiou)L 
For the next 6" 14" :— 

r= 3.8 see, 2a=1.5inili. 
T= 2.6 „ 2a =1.0 „ 
r= 7.9 2a=2.0 

T-ao.8 „ 

Thereafter the quick pendulum movements gradually decrease 
ed» till they disappeared at 0* 38" 20* ; the principal vibrations 

being as follows : — 

7= 11.2 sec, 2asl.4 mm. 

Tsl7.8 „ 2a-^Q „ 

,r= 4,7 (smuUJ 

4 

For the next 8*" 25' :— 



T»11.4 flea» ^»1.0 mm. 
7.5 t» 2as (small) 



For the next 5* 4* :— 



1 



T=zQO 4 sec, 2as0.9 mm. 
7ss 9.3 „ (small). 



Then, at 0* 51" 49*, thero took place 3 well defined slow 
vibrations : — 

T^2Q.9 aeo., 2ass 1.6 mm. 
The subsequent motion was smaller : — 

!r= 17.2 sec, 2a=1.0mm. 
rssll.8 „ 2a- iA „ 
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Valparaiso Earthquake, Commencement™ 1*00*15*. The 

comrncncemont was iiuiiked liy tlie appearance of quick 
vibrations, the motion beiug small for the first 1" G*. Then, at 1* 
01* 21', there appeared most active quick movements, which 
remained nearly uniform for the next 4* SS* : — 

7s5.7 sac., 2a=2.4 uim. 

The quick \ Il)nUions were indicated diritiuctl^'' till about 2* 
lO", and slightly till 2" 20", there being superpositions of alow 
movements : — 

Ta:2.d Beo 2aa2.0 nmi. 

r= 5.3 sec; 7.4 asc.; 11.6 sec; 14.0 sec 

At 1* 07* 06' there was some increase in the amplitude of the 

quick vibrations (max. 2a=2.0 mm.), which were probably the 
major arc propagation. 

7. Obaervotion a< tlte Queree Obaervatory^ Florence, The 

following is a note on the lithographic reproduction of the 
diagrams* obtained at the Querce Observatory, Florence, by a 
pair of Stiattesi Horizontal Pendulums, whose instrumental 

constants are 

Molttfdicaitioii of the pomters26. 

Weight of the heavy maassslSSO fcgm. 

Mean vdooify of the ieoord>xeoBiTer=:97 om. per hoax. 

(Complete) pexiofl of fi»e peadolam 08ciUation=19.6 Bee. 
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Alezitian Earthquake. Commoiicemeut=0'' 24" 00'. 
NIV-SE Cmpoiient. 

1st Prelminarif Tremor. Duration =10" 5^. 

The motion consi^tod of s^mall uiiiforin \ ihialiuns. 
2nd I'reliminarii Tremor. Commenceiuont=0'' 34" 53'. Duia- 
tion=ll"41* : — 

r=17,3 sec., 2a~0.22 mm. 

Prina'irtd Portion. Commencement— 0^ 40" 34'. [Ist and 2nd 

phases] Duration«13* SC. For the first 7* 47', the motion 

consisted of slow vibrations : — 

r=36.0 sec. 2a=0.:^0 iiitu. 

Then there sot in large pendulum oscillations, which continu- 
ed till 2* 27", thereby confusing the movements due to the 
Valparaiso earthquake. These oscillations were as follows : — 

r=18.l sec, 2as:6.9 miu. (peud, oscillation). 

NE-SW CouipoNent. 

lu tliis component diagram the pendulum oscillations were 
much pmnHer than the other. 

1st Prdimimrif Trmor, Duration^lO* 32'. 
The vibrations were very small. 
2fMi Frdinmary Trmor, I>uration=12* 6* : — 
7s 9.7 aee., 2as0.l0 mm;; Tsl4.6s8c. 

8* Snmmmv 9ftUe OftMrtwMMM «fthe AietOian Wkstihi' 
9H0S^ The mean values of the different periods of vibrations, 
which occurred at Tokyo, Osaka, Manila, and Querce, are given in 
thr following tahlc, the periods most frequently occurring being 
printed in fat characters. 
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F. Oinori: 

Periods of Vilmition. 



Tokyo. 
(BW) 


Tokyo. 


Tokyo. 


Osaka. 


Osaka. 


Manila. 


Querce. 


Mean. 




■eo. 
3.6 




■M. 


ll.9(I»«d 


sec. 

2.9 


MC. 


■M. 


4.7 

6.4 
8.6 


4.6 


4.5 


5.0 


6.5 


4.8 




4.7 


9.4 








8.2* 


9.7 


S^S 


10.7 

Ha* 

36.1* 
30.9 


11.5 
16.5 
22.3« 


18.4 
20.3 

30.7 


10.6 

15.9 
20.0* 

•2S.5(p.o)* 


13.8 
17.7 

220 

30.2 


11.5 

17..5* 
•20.7* 


l7.7(p.o.)* 


11.1 
13.8 
17.4 

20.3 
22.2 
27.3 
30.6 


86.0* 


34,0* 


33.8* 


34.4 






36.0* 


34.8 



It wil) bo seen from the above table amongBt others tliat the 

(mean) periods of 4.7 sec, 8.8 sec, 11.1 sec, 17.4 sec, 20.3 sec, 
22.2 sec, 30.() sec, uiid ."54. S soo. occurred ul I'ok^'o as well as at 
one or more of the three other place.-, iiainel\', < >-ak,i. ^ranila. and 
Querce. (Sec also § 15.) The Tokyi) records indicate that tiiere 
was no special difference in the periods of vibration between the 
horizontal and vertical movements. 

In the following table are collected the times of earthquake 
occmrence at the above mentioned four places, and at 25 other 
stations ; the data relating to the latter liaviog been taken from 
the monthly or weekly reports publidied by the different 
seismological ohservutories. In a few cases, the time of occurrence 
of the 2nd prelimiiiury tremor and the <luration of the 1st 
preliminary tremor aie also given. 

* 1 p rioitH if the pred'^utin:itiu< tibra'ioaiAr i inark«l with 4Wf(riM«. 
( P.O.) marks the pendulum oafillationa. 
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OBSERVATION OP THE ALEUTIAN EARTHQUAKE. 

(Time in O.M.'l .) 



Place. 



Origin. 



Position. 



5(r Nm" E 



Tim- ()f 
, occurrence 



Tokyo 35' 42' '29''N 13ir45'53''E 

^34 42 — N|i36 al — E 
39 08 — X UIOT— E 
as 02 — N 12130— E 
14 34 41 ^|i20&B33 E 
31 11 33 n'1211045 E 



OaaJka . 
Mtzasawa 

Tjnhoku(FunilOM). 

Manila..... 

Zikavrai 



BeckeleyfCal... 



.a? 52 24 2; 



WMrluiifftottD.c...[38 54 18 K 



Gotiungeu .. 
Sfcrwburg. 
HeJdfdberfi. 



Budapest 

O'Gyalla...... 

Zagceb 

XicnwDltiiitar., 

Lai bach 



47 22 2y 
47 52 24 
45 48 54 
43 03' — 
40 03' — 
Vienna ! 48 15' — 



1221511 \\ \ 0 
77 0301) \V 



51 33 — X 58 — 

48 85 00 N 7 40 10 

49 23 56 N 5 58 44 



Triest 



45 3U' — 



X 19 03 55 
X,18 52 32 
X 15 58 48 
N 14 OH' — 
X 14 31' — 

40' ~ 



X 1(5 
X 13 



E 
E 
E 

E| 
E 

E 

E 

E 

E 

E 



Tiflis 

Borslioui 

AcbalkBkki. 



41 43 OvS X44 47 51 e' 
41 51 — Xi43 23 08 El 
41 25 — NM3 29 09 E 



UpsaU. 



59 51 30 X 17 37 30 Ei 0 
Belgrad 44 48* — N,20 09' — E 

San F«;raindo 
(Spain) 



TortoBa 

Coat« Obwjrvator.s 
( Piiinley) 

QuiTce (Florvnee),. 
Xluit3niiuu)( ,. )... 



30 27 40 X 



oo 5 



1 



G 12 19 \Y, 0 



43 47 18 \ II 10 42 E 
43 40 40 X. il 15 24 Ei 



M 






0" 


17" 


16' 


0 


10 


52 




Ifi 


57 


0 


20 


07 


0 


20 


42 


0 


19 


59 


0 


18 


00 


0 


23 


43 


0 


23 


01 


0 


23 


08 


0 


^3 


34 


0 


22 


42 


0 


23 


23 


u 


J.I 


0"-l 


0 


23 


37 


0 


.)«> 


41 


0 


23 


25 


0 


22 


54 


0 


•23 


45 


0 


83 


49 


0 


2w 


00 


0 


2i 


24 


0 


23 


21 


0 


31 


.'{6 


0 


24 


00 


0 


24 


00 



coramence- 
uj«mt of 2nd 
P. T. 



0 32 30 



0 32 55 
0 34 08 
0 37 36 



0 35 30 



Dunttoaof 
th«m 



(Total P.T.) 
5"* 20* 
5 36 



8 47 
13 33(?) 



9 32 
10 81 



11 30 



* The pcmtiott of tbu origiu bu Lcen iluteniiiiMd by iuflClwd« giTtftt in $ ilti For tba dlolonuiiM- 
U«a of tiM tiiBi* of earthquake ovigiB m« ) 1 1. 
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O. I>eiertnination of the Aittn-oa:fltnatc Ponition o/ the 

ariuin of the Aleutian Kttrthquake. Tho flppruxiliiatc l)Ositioil 

of the earthquake origin may be deteniiiuud in two different ways, 
from seismographic observations made at a number oi stations, as 
follows : — 

( i ) By a comparison of the times of earthquake occurrence ; 

(ii) From the epicentral distances deduced from the dura- 
tions of the preliminary tremors. 

1«( Method : Cmparison of the limes of oeevrrenee. As an ex- 
ample, let take the times (=/,) of carthqunko occuiTcncc at 
Tokyo, Florence, ^lanila, and Berkeley (California): — 

{Tokyo ti-0'' 17" 10' 
Florence t^—o 2i 00 
Maiiih /i=0 '20 42 
IVrkeley /i=0 18 00 

It is evident that among tlie above 1 stations Tok3'o was 
nearest to the origin. As, further, the diuration of the total preliiiii- 
naiy tremor in Tokyo was 5" 20', which corresponds to an cpir? nt i al 
distance of about 25^ I shall assume a propagation velocity of 
13** per sec. for the differential epicentral distances between 
Tokyo, Berkeley^ and Florence (Ximeniano and Querce.) For 
the comparison of Tolcyo and Manila, however, let us take a 
somewhat lower velocity, say, 10 '" per sec. Under these supposi- 
tions, we obtain the ftjUowing results : — 



CrOmbioatton of places. 


Difference of times of 
commenceiuent. 


Approximate Epicentlftl 

Difieiouce. 






U* 


47.'3 




3 


25 






0 


44 


5.2 
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A circle drawn al>out Manila as centrcr with a ra(lin> »»f 24. °3 
passes ver}'' nofirly tlirougli Tokyo, while the locus of oquitli,<tanc(> 
between Tokyo and Florence intersects that between Tokyo and 
San Francisco at about v'=57°N, ^ = 179^ VV ; this latter point, or 
the epioeotre, being situated, nearly in the same great circle whidi 
connects Tokyo and Manila. 

2'!^ Method : Comparmn of tkt epiemlral distances deduced frtm 
ditration of the prelimimrn tremcr. The relation of the epicentral 
distance i ' ) to the duration (y,) of the 1st preliminar)'' tremor, or 
the total duration ('/) of the 1st and 2nd preliminary tremors, is 
approximately given l>y c ither of the two lollowing equations* 

km- sec. km. 

Ji=17.l y,-l360. 

U= 6.54$^ +720. 
Taking the observations at Tokyo and Florence, (Ximeniano) 
for instance, we have : — 

Tokyo y = S" 20"; 2s25^3 

Elorsnee 80 ; x^d4. 

If two circles be drawn about Tokyo and Florence as centres^ 
with the radii of 25^3 and 94^ respectively, they intersect at about 

Taking the nican of the two popitions above obtained, we 
find, for the approximate situation of the eaithquake origin, 

50" X. f=176°E. 

The epicentral distances of some of the observing stations are 
as follows : — 

Tokyo 2'.?° 08' 

Osaka 32 26 

Berkeley 4S 22 

Manila 58 25 

Fbieoce H5 09 



• The "PulAcatioM," No. 5 and Xo. 13. 
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From a comparison of the descriptions of the £W and NS com- 
ponent diagrains (ut and iv, $ we see that the displacement 
occurring at the veiy commencement of the earthquake was as 

follows: — 



Again the two displacements constituting the first vibration of 
the principal portion were as follows: — 

!0.25 mm, towards W» 
0.24 B; 



Taking the mean of these three results, we find that the direc- 
tion of motion wa;* 



This direction points very nearly towards the source of the 
earthquake disturbance located from Uie seismographic observations 
(§ 9), the actual direction of the centre from Tokyo being K 5(y £. 
It will be observed that the initial or first displacement of vibra- 
tion was directed away from the origin. 

11. Veiertnination of the 1 pjtroanimtUe Time of Oceur- 
rence at the Origin of the AleutiM JOarthQuake, The approxi- 
mate time (=^o) of earthquake occurrence at the origin can be es- 
timated by means of the following equation*: — 



'O.O-i mui, towards W, 
|o.06 „ , ,. S; 

liesultaiit iiiotioi)=0.07 mm, towards S 34* W. 




.BesnlUDt niotjonBO.34 mm, towards S 46* W. 
'0.43 mm, towards E, 
0.38 , n N ; 

[Resultant motioQBO.57 mm, towards N 49* £. 



S 46" W - N 45° E. 



* Tti«Blrt{Mfli,lld.1. 
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in which ^ and y, are rcspeetivrly the tinu.' of occurrence and the 
duration of the 1st preliminary tremor at any given station. Ap- 
plying, for instance, the above formula to the ol)servation3 made 
at Gottingen, Ximeniano, and Laibach, we obtain the followiag 
results: — 



JSmeniano. 

10 36 



f/i=0 24 00: y,=H"30' 
U=0 10 36 

ftij=0 23 S7; y,= l0»8l» 
U=0 11 



LaioacK , 

" 19 

Taking the mean of the above three vakies of the we 
find: — 

or time of earthquake ccniimenceimeDtsO*Il"44* 

19. ViApwaUo JBarihttunke, According to newspaper reports^ 
the Valparaiso earthquake happened a short time before 8 o'dock 
in the evening, of the 16th of August. As shown in § 13, thd 
approximate time of occurrence in the epicentral district was prob- 
ably 0*4(r06' (the 17th) in Greenwich Mean Time, or 7*53-29' 
P.M. (the IGtli) in the Valparaiso Local Time. At Valparaiso the 
weather on the day of the earthquake was unusually cabn and 
pleasant.* 

The earthquake and subsequent fires produced a considerable 
amount of damage in the city of Valparaiso; the shock having also 
caused a great destruction in Vina del Mar, Le ligna, Limache> 
Quilque, Arriaca, Palequin, Meripilla, QuiUota, Llaillai, Hieno 



* A fine and caliu wtmther. which genumlly oorreaponda to the riao of tba h M W B ie tt iO 
va% •1m dtaiMtoriaed most of tlM gimt dentracUTO outhquRkM in Japan. 
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Viejo. Aberca, Conchall, Petarda, La Placilla, La Calera, Lt)s 
Andes, San Felipe, and some other places. Tlioro wore 30 deaths 
in the city of Santiago, while the town of Vallenur (300 miies north 
of tlie capital) is said to have been hadly affected. 

The strong motion area sceni'^ to liave extended from Vallenar 
on the north to Santiago on the soutii, over a distance of about 300 
miles. The earthquake origin was probably an elongated sub- 
oceanic zone parallel to the coasts the most central part of which 
may be assumed roughty to be at about 250 km to the NNW of 
Valparaii^o, or at the following position: — 

f =81' S, i=73' W. 

According to a letter of Dr. Kicardo Poenisch, of Santiago, 
there was no surface manif estatioo of faults, but apparently the coast 
was elevated more than 1 metre. The shock was felt on the north 
as far as Tacna, the northern-most province of Chile, at a distance 
of about 450 miles from Valparaiso. 

The i i>i( entral distances of the different stations, where the 
distinct commencement of the Valparaiso earthquake was observed, 
are as follows: — 

Tokyo I52f 22' 

Osaka 155 51 

Gottingen ......... 101) 40 

Ximeniaoo 107 07 

MaaiU 159 10 

13. Obuervatioti of the Vatitaraino Karthqnaktf. Tlic time 

of occurrence observed at the different stations were as fol- 
lows: — 
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Tokyo /i=r00''-34' 

iOsaka 1 00 15 

Mean 1 00 25 

|Manila 1 00 15 

teettingen 1 13 30 (?) (Vert. Seismograph.) 

LXimeniauo 0 58 15 

The durations (jtj and yt) of the 1st and 2nd preliminaiy 
tremors were as follows : — 

1 Tokyo yi=18»69*; y,=aeW; yi+jh^iS^ 
08ak» yi«15 48; y,=gA 25; gi-f ff«^40 18 

Mean yi=l7 SA i yt-25 10; 91+^1=12 30 

Time of communcemeut of the 3rd pha^se of the prmcipal 
portion was as follows: — 

(Tokyo <j=l''52''18' (Vertical component) 

1 58 53 (EW „ ) 

[Osa ka 1 5 4 21 ( „ „ ) 

"Mean 1 55 11 

W, Motion, The time intervals between the corresponding 
epochs in the 1st preliminary tremor of the W| and W, waves, at 
Tokyo, Osaka and Manila, were as folluw.s: — 

Tokyo • ^ 



f6»35* 
17 45 



(EW coinponenk) 



Osaka 9 32 

Manila 5 45 



Tiie i(.lc'iitifu ati()ii of the \\\ motion \\ ;is in eaeli case extremely 
ilitticult, and thu intervals uf tiuie aliuve given arc to be regarded 
only as rough estimates. Taking the meanj we obtain a time 
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interval of 7"24', corresponding to a nu an L [)i( ontral distance of 
155° 48'. The theoretical time interval corresponding to the latter 
value of the epicentral distance^ would be, if we suppose a propa« 
gation velocity of 13 km per see., equivalent to 

_ =6 64 

14> MgHmuM»m ^ thm Tknm (f») of Oeewttrreuee «f the 
Origin ofthm WtOpmMOuo .EarfJbcMaibe. Taking the mean of the 
Tokyo and Osaka observations, we have, according to the equa- 
tion in § 11, 

(h = I W25' 

k«/i-li66 ^1=0*40-05* (G.M.T.) 

Now the Valparaiso mean local time is that of longitude 71" 
39' W, or 4*46"36' after G.M.T. We have, therefore, 

<,=7*5a'"29' P.M. (Local time). 

IS. Cmmtpariamk of the WiertoOo of Vihrmlion it* tho VtO- 
paraUo Hkirthqttoke with thoae in f Jle Curoeom AMif Cfuatemtam 

FWtrthquakea. The following table gives the mean values of the 
diTTtsrent periods form*! in tlu' bciciuiograms obtained at Tokyo, 
Osaka, and Manihi, together with those found in the Tokyo 
eeismograins of the Caracas earthquake of Oct. 29, llMJi), and the 
Guatemala earthquake of April 19, 1902; the periods of more 
frequent occurrence being printed in fat characters. 
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Cteacng and Ouate- 
auilA Eftrtbqinalm. 


Valparaiso Earthquikke. 


Tokjo 
(HoriioiuU). 1 


1 HoHsontn.! ) 

\ M V. JAW UU y> 


Tokyo 


Osaka 
JEW) 




JCettn. 


Sec 






Sec 






2.9 






2.4 








4.0 


3.0 


3.9 


5.5 


4.0 


#•9 


9.0 


— 


8.0 


7.4 


8.4 




nj5 


11.2 


r 10 4 

i 12.4 


11.6 


11.4 


14 ft 


15.7 


— 


/ 14.0 
116.0 


14.6 


15.1 


Itt A 


17.7 




19.1 




183 


21JZ 


S2.3 


22.4 


23.0 




22.6 






•26.8 






26.8 


26.9 


29.7 




27.7 




28.7 


32.9 


32.7 




31.7 




32.4 


39.5 


37.7 




36.8 




37.1 


45.4 






45.0(?) 




45.0(?) 


66.0 


















67.4 (?) 




e7.4(?) 



From the above Uible it will l)e seen that the diffevcnt periods of 
vibration, which occurred at Tokyo in the Caraca.^ and Guatemala 
earthquakes, were almost perfectly identical with those which 
occurred at Tokyo and Osaka in the Valparaiso earthquake. The 
Manila seiamogram indicates only shorter periods, which are also 
found in the Tokyo and Osaka records. It is almost certain that, 
if the Manila seismograph had a long natural period of oscillation, 
other slow periods would have been likewist^ registered there. It 
may be here mentioned that I have laken, for comparison, the 
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Caracas and Guatemala earthquakes, as the origins of these shocks 
had, with respect to Tokyo, epicentral distances and aasimnths not 

widely different from those of the Valparuisu earthquake. 

By cnniparing the ahovo tahle with the list of peritxls in § 8, 
it will he seen that the periods of vibration in the A'eutian earth- 
quake altio occurred in tlio Central and South America earthquakes. 

The examination of the numerous seismographic records of the 
great Indian earthquake of April 4, 1905, has also shown the 
common occurrence of various periods of vihration iu different 
parts of the would. 

From the facts like the above, it seems probable that the 
microseismic or unfelt and slow periods of vibration are approxi- 
mately the saii.u in different earthquakes and at different stations. 
I have pruuuusly stated a similar ccnclusioa with regard to the 
pulsaiorif oscUlalioMS. 



Sea Waves. 

The earthquake caused some tidal disturbances, which spread over 
the Pacific. Thus, in the enclosed Bny of Maalaea, on the island 

of Maui (Hawaii) the wave is said tu have readied a lieiglit nf 12 
feet. An inter-islnnd h^teamer Noeu, while anchored off the north- 
eastern coast of the island of Hawaii in a calm sea was carried for- 
ward hy a sudden undertow, wliich was so strong that her chain 
parted and she lost her anchor and forty fathoms of chain. It is, 
however, noteworthy that there were apparently no sea waves at 
Valparaiso itself, there being no newspaper account of such distur* 
banoes at the Chilian port. The fact seems to be that the tidal 
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waves in the vicinity of \ alparaiso did not, owing to tlio great 
doptli of the water along tlie coa^t, attain any f^on«iderable 
amount, failing thereby to produce damage or attract attention. 

10. The Sea Wave» obsertted at Mbmolulu^ San Diego anSL 
San JFVavtelMo. The tidal disturbances due tu the Valparaiso 
earthquakes recorded on the tide gauges at Honolulu, San Diego» 
and San Francisco, whose direct arcual distances from the origin of 
disturbance are respectively 96^ 21', 12', and 82** 52', were 
as follows.* 

Hmiohih, 
f=2ri8'N; is 157' W. 
Tbe time used h that of looKitode ISr 30' W, or 10« 90" after Q.U.T, 

Slight traces of diritui'bauce.s apj)(jart d at about 3 A.M. (Aug. 
17tli), the period being 33.3"'". But the distinct movement began 
first at 5* 15" A.M., and remained active for tbe next 20 hours :— 
ra:2&.5 mill., 2a=0.28 ft. 

In the subsequent portion, (the movement continued more or 
less active till Aug. 19th): — 

f T»26.d nuD., 3a»0.1S ft 

San Diego. 

U.S. Quarantine Wharf, if ^'32' 42' N ; ^=117' 10 W. 
Tho time is the Westera States Time, nr 8 hours after G.M.T. 
The movement was indicated distinctly first at 6* 30" A.M., 
and remained active till about 6^ 40* P.M. : — 

■ Denoting hf T aad ta Oi0 oonpMa poriod Md th* nngt, or doabl* Miiplitiid*, ottlw 

ware motion. 
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Tb2I .8 min., 2a«s0.45 ft. 

Ts59.l „ 

San FVandseo. - 

Prendio. f = 37M8' N ; X= 122° 30' W. 
Time used : Tb j Wcbiern Statas Time. 

The distinct movement began at 7* 42" A.^M., remaining 
active till about 11* P.M. Up to about 8* 30* P.M., the pre- 
dominating oeoillatioQS were as follows: — 

1 r=59.1 mm. , 2a=0.28 ft. 
lr=21.3 „ 

TbereaftOT the oscillations were as ioUows:^ 

f T»41.0 mni., 20^0.28 ft. 
(r»25.2 2as0.24,, 

IT. Th« &em Wmve» oft««rr«ir at ^apane&e tfMi»tm. The 

sea waves due to llie Valparait^o eai tliqiiake woi'o ako recorded at 
the ditferent tide-gauge stations on the i'acihc coast^i of Jai)an. 
The following is a short description of the niareogram obtained at 
KushimotOi a small sea port situated at the southern extremity of 
the Kii peninBula. 

(i) Ku$hmo(Q. 9»a38*27'N: ;t=135M5'E. 

Time used is that of longitude 135" E. 

The sea waves began to appear at 9* 27" A. M., Aug; 18th. 
For the first 41"*, there were two small oscillations, of T=s20.5 min. 
For the next 2* 49.5", there were 8 oscillations of T= 21.2 mw., 
whose magnitude gradually increased, the 7th having the 
maximum motion of 44 em. The very initial motion was directed 
upwards (2a =6 cm.) 



27ot*i on tht Val|Hmi» and Aleafe'nn Euthqaakfl*. 1 1 1 

For tin tiuxt 4'' 25", tlie movenaeut became smaller, the pre- 
dominating period being shorter: — 

1 1.9 inm., Qass 10 cm. 
Thereafter the movement became again larger and slower 
r=22^ mm., 2a=16.{>cm. 
(ii) BakodaU: y>s41*46'N; jt»14(y44'£. 

Misaki: f^^dS* 9'N; ;»ldd*3rE. 

Tlie timers of commencement of the sea waves at these three 
places were as follows* : — 

iHakodata 10.02 kML., Aug. 18kb. 
Ayn^wft 9.29 
Biiaaki 8,23 



I have also uxaniiiicd ihc luaroograms obtained at the statious 
on the Japan Sea side. But these gave no clear evidence of 
the existence of the ^a waves due to the earthquake in question. 



18. The Veiaeity A'«|M«««f toM ««r«w f Jbe JPneCH^. As 

is well known, the projiagation velocity (r or r ) of sea waves may 
be calculated in two <liffurent ways as follows ; - 

tj ^v tf/T... (2) 

In (1), denote the distance between the earthquake origin 
and a given tide-gauge station, being the time interval taken 
by the sea waves in traversing that distance. In (2), ^ is the ac- 



* Taken fr om Dr. Iv. IT >ui]u's \ -A ^et : On the Velocity tfSn WaMatknuffi tkf BticUk. Toljo. 
Sitgaku-Butuiigftkkwai Kizi-Uaijo. VoL III. Ko. 9. 
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oeleration diie to the gravity and h tbe mean sea depth along the 
distance «.* 

Kiishivioto. Accorning to ^ 11. tJie time of earthquake oocur- 
lence at the origin was O'^ 40" 05 (G.M.T.)< Henoe : — 

The groat circle connecting Kusliiinoto with the eurthquako 
origin {f=3l% ^=1^"^) is 155.°') (=s) in length, passing on the 
whole throQgh deeper parts of the Pacific. The mean depth h is 
about 4470 metres. We thus obtain : — 

fv ^202 iiietreB/«ec. 
{v'ss^ gh ss209 metres/seo. 
Honolulv. For the Honolulu observation, we have: — 

«=96°21'; J<=16*05"; 

s beiDg the distance along the great circle connecting Honolulu 
with the earthquake origin, along which tbe mean depth bis 
about 41 50 metres. We have therefore : — 

0 t 

v'=^ gh =201,6 luetres/sec. 

In these two cases, the agreement between tbe velocities 
calculated by the two different methods are in fair agreement with 
one another. 

San Franciaco and San Diego. The time intervals o t for San 
Francisco and San Diego were ruipectively 15* 02" and 13* 50". 
The great circles between these two places and the earthquako 
origin, whose lengtiis («) are 82° 52' and 7G° 12', pass very closely 
off the coast, the mean depths {h)^ measured a little outward (or 

* k eomeUon to tlw fotmola (Q luM bftn ^r«iL bij Dr. C UfeiriMitL thULM^, Jan. 1897. 
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westward) of these arc^, heiug respectively about 4210 and 4220 
metres. We thus obtain : — 

(u =i — =170 metres/sec. 
San Francisco J of 

Sow Diego 3 » t 

=203 „ „ 

In each of these two cases, the actual velocity v is much 
smaller than that deduced from the mean sea depth, the discre- 
pancy' being; probably due to the inexactness of the assumed wave 
path, whicli runs parallel to the coast. 

19. Couettttion, The foregoing arc only fragtnoatary nutos 
on the Valparaiso and Aleutian earthquakes. A fuller accoant of 
the sea waves propagated across the PaciAc will be given in a 
future number of the " Bulletin.'' 



Tokyo. Jan., 1907. 
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On the Distribution of Recent Japan Earthquakes. 

By 

F. Omori, Sc. D., 
Ifember oC tlia Imperial £acUiqa«ke Invflsliigition CommUtMi. 

I. PRELIMINARY. 

1. Arramgememim of Barthquakm 2Sone». Let A (Fig. 1) 
represent a portion of the earth's surface, which is being depressed 
down. Then it can easily be demonstrated tliat there will be 
formed in the surrounding region two sv<toins of weak lines, as 
shown in the figure. These are, y*r,s'/f/, concentric arcs, and 
secondhi, radial lines, coiTesponding respectively to the dislocations 
and the cracks in the earth's crust. 




I^t us next vary slightly our supposition, and assume -1 (Fig. 
2) to be a portion of the uartli's surface, which is pushed from one 
side by a pressure P. In this case there will be formed two 
systems of the Aveak lines, similar to those mentioned above ; the 
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concentric lines, however, becoming in this case foldings in the 
earth's crust. One of the consequences of the existence of the 
horizontal pressure P is tliat the outer (or oonvez) and the inner 
(or concave) sides of the region under coosideratioa differ material- 
ly in the topogi'aphical features ; the former being much steeper 
in gradient than the latter. (See also Fig. 4). A may be a great 
mountain chain or a series of islands, arranged in a curvilinear 
form. 

Fig. 2 is a diauraininatic representa- 
tion of the Jajtanese islands, which, 
as sliowu in Fig. 3, forms a cii-cular 
arc, whose convex and concave 
sides are turned toward the Pacific 
Ocean and Japan Sea respectively ; 
a glance at any map of Japan sug- 
gesting the idea that the islands 
were caused to assume their curvi- 
linear form by the pressures acting 
from the Japan Sea sido. Tlic dif- 
ference in the steepness of the 
gradient liotween the two sides of 
the island arc of Japan is illustrated in Fig. 4, which gives an ideal 
cross section of the latter. 




Fig. 3 

The <\<Al<-\ !in« shvuvH the tronfinl 
curve forui o( Japaatisti ialiadi. 
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As \< well known, (he Japan i^ca is siialiuw and ii^ greatest 
depth is only 3000 Dietres ; the gradient of the sea bottom, which 
is shallow, varj-ing froin 1 in G7 (off the coasts of Uzen and Ugo) 
to 1 in 110 (off the coasts of San-iu Do proviooes). The average 
gradient to the basin of 1000 metre depth from the west coasts 
of Hokkaido is 1 in 220. On the other hand, the Pacific Ocean is 
very deep, the Tuscarora basin, which lies off the northeastern 
coasts of Japan, reaching the depth of over 8000 metres nt 
distances of 181) to 380 from the coasts. Tliu i^raiiiciit uf the 
Pacific boLtnin is jiiucli steeper tbau in the case of the Japan Sea, 
being, for eiamx^le, as follows ; — 

Off tlte oosist of Nemnro 1 in 27 

M If E ,. „ liilbun Islaod ... 1 in 80 

„ coast o( Kii (to 5000 metres depth) 1 iu 24 

„ „ Tos» ( » ) 1 in 32 

M S£ coast of Kftziisft and Awft (to 3000 metres depth) ... 1 in 1^^ 

3. Hinialas/ag. The Himalayan mountain ranges furnish 
also a good example of the relation between the curvature and the 
steepness of the gradient, and form, as diagrammatically shown in 



N 




India 

Pig. 6, a very beautiful circular arc extending in an east-west 

direction. The convex, or southern, side is very steep, the great 
mountains rising ahiiost abruptly from the flat plane grounds of 
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India. On llie other hand, the concave, or northern, side is not 
steep, con<^titnting the plateau of Tibet. 

4. unmaira ana JatMt, Hio Iwo islands of Sumatra and 

Java also form together 
an arc, as indicated by 
the dotted curve in Fig. 
(>. The sea on the con- 
cave, or nuitli-cnrtem, 
side is shallow (u in lor 
200 metres), while that 
on the convex, or font h- 
westcm side is much 
deeper (over 5000 me- 
tres); it being also note- 
worthy that, in the case of Suma1r;i, mountain ranges lie close to 
the convex side. 

8. Aleutian laiattdt. The Aleutian islands form a regldar 
arc stretching in an east-west direction. Here again, the sea on 
the convex (southern) side is much deeper tlian that on the Gon> 
cave (northern) side. (See the preceding Article.) 

O. Hetafion hettveen the f.'ufi-atiife and the Sei»»nie 
Aetirity. In >iniiile casres, like thohc above iiientioned in which 
there is a regular arc of mountain ranges or series of islands, the 
convex side is often sliakcn by great eartluinakos, while the 
concave side is disturbed only by occasional local shocks. 

The origins of the 221 destructive earthquakes of Japan proper, 

* A Tcrj Tn1u:v1']c iuTnligntion on the uistrilialion of suiall Japan cartliqimkcs of ivcent 
years has ht<.'n givtu b^< Coaut F. de lloateHUs do Ballon in Archhtt de$ Scitnce* Phys, tl i>'at. 
1B87. 




Fig. ti. 

Tlw doited liM indicati-a t)>c Kcuenit 
tinrvKtnni of I l.o two ulunds of Suimim Dnd Java. 
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which happened between the 5Ui century and the present time, 

were approximately as follows: — 

Iiiliind origins >. ... ... ... ... 114 

f^flpGifio f§ •»« ««« ■■> »!• 47 

JapftD Seft origins ... ... ... ... 17 

IhIsqcI Sfift ... ... ... «*■ ... ... ... d 

(ftnlwtwn ... ... ... ••• 4l) 

Again, among the above-mentioned 224 earthquakes, there 
were 10, which were very oxteiisive and violent. Of these, 3 
happened in central Japan, while the remaining 7 originated off 
the south-cnstern coast of the Japanese i^ands, each being accom- 
panied by great tidal waves. 

A consequence of the difference in the seismic activities of the 
two sides of the Japan arc is that there were on the Pacific coast, 
23 great tidal disturljuncc.s (tf HL-ismic oi-itrin, wiiilo on tlie .Japan 
Sea coast there were only 5 small cases of such disturbances. 

II. RECENT STRONG JAPAN EARTHQUAKES. 

8. MM&M^mHoh 9t the Orititut of tUrow^ Jfmpmm Kmth' 
^Hmkem tfa» JCceeMf ymarm. The systematic cartliquake observation 
in Japan was commenced in 1886, nnd tlicrc were, during the next 

21 years, 257 eartliqiiake.s wliich origiiiatod in or around Japan, 
and iionie of which wore destructive or semi-dostruclivc, tlio rest 
being strong or moderate shocks, each with a land area of distur- 
bance* greater than about 1,000 squai'e ri, or 25,000 !;quare miles. 
The origins of these 257 earthquakes were distributed among the 
following 23 groups. 

* The area of ditturbauct ngnt&^s tbv atva within wliich tti« eutbciuaJie (Motion was $en$H>U. 
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A* 

Island, 
divided 



Off ike SE coast of HiMaido and the E coa$t of the Main 
The 138 earthquakes helongiiig to this group may be sub- 
as follows; — 



i. 
il. 
Hi. 
ir. 

V. 
Ti. 

Tii. 
viU. 



I* 



» 



CL 



« • • • k « 



Off Uie c(:«i.st- of Neiniiro ami Kushiro ... 

1 'ctwmM! Hiclaka aii<1 Mtit-ti ... 

Off the coA^ls of Mutsu and Kilvn:bii ... 

Kiknzen 

Xv\iiKi ... ... ... ... 

„ „ Hitttcbi 

„ eastern coast of ihe Kazuisa-Awa Peninsula 
I, coast of Izu ., ... ... ... 

Off the E coast of Kii 

SK count of Kijushu: — 

i. In tlie S part of Llio Hyiifju Nada 

ii. „ Vicinity nf Yalui and Tanc Inlands ... 
iii. To tbo E of Usbima 

Off the coast of Kii 

EL ' „ Cape *f Mwcto (T<m) 

M'm Akita and Shmai Tfintriet: — 

il. Off the coaiai ai Aknx 
if. Vicinity of Sakata 

VidnUy of Noto ; — 

fi. Off the coasfe of Toyama (Etcbn) 
tt* ,1 W coftBt of the Peninsala 

jr. HtM and Tiumo: — 

fl. Off the coast of Iloki . 
ii. H M Izumo 

J. lyestern part of lUkuchu and KaUern Vart of Ugo 

j: Muaat^i and SlUmoM Districti — 



« * • • « » 



• * » « 



»•« «*« 



•a* «*« 



• • « » < ■ 



... 25 
... 2 
... 31 
... 28 
... 19 
... U 
... II 



■ ■ • 4 ■ • 



«■• ««« 



• • • * k * • * 



3 
3 
1 

1 

1 

1 
1 

I 

3 

1 
2 

3 
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i. NE Part of Mxisasbi ... 

ii. W Part of Sinmosa ... 

111. W Piirt (if llitacbi 

Iv. S I'dit of Sbimotsuke 



■ »« mm 



■ *« ■ a 



* ■ • ■ » ■ 



I 



Bay and Sagami-Nada:— 
U In Tokyo Bay 

tU. „ Ura^a Channel 



■ • • * « 



«»* t** •*« 



•4* *»m «pa ««« *■* 



■ •« « * t 



Sagamif Kai and Suntga JJistrict 
Behigo, Shimiio, and Hida IHslriet: — 

I. Central aiul W Parts of Ecbigo 
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Fig. 8 illuslrates the distribution of the earthquake nnViiis- as 
tabulated nl)o\'e ; Fig. 7, which serves as a key map, giving tlio 
names of the different provinces. It will be seen that the most 
aetive seismie zone at present is jt, or that stretching off the 
eastern coasts of Hokkaido and Main Island, the number of tlie 
earthquakes which occurred in those pnrts of the Pacific Ocean 
amounting to KjS, or more tlian half of the total number of the 
shocks rclatint? to whule Japan, The zone, «, inaikiMl by a thick 
dotted line, n pi iM Uts the approximate focus of the gi'eat earth- 
quake* of tlie J ih year of the Hoyei period (Oct. 28, 1707); the 
two great shocks in the Ist year of the Ausei period (Dec. 23 and 
24, 1854) originating respectively at the eastern half (between Kii 
and Izu) and the western half (between Kii and Kyushu) of this 
zone. A is evidently continued to «, which is itself again conti- 
nued to the zone stretching from the southern port of Hyuga 
Nada to the east of Oshima. 

A, «, and together form the ]niii( i])al siil (-oceanic earth- 
quake ztinc of Japan, which runs j)aral1i l to tlic convex side of Lho 
latter and may be named external saUmic zone, hi former times m 
was most active, but at present A is very active. 

On the Japan Sea side, there are three seismic regions ^ 
(Akita and iShunai), 6 (vicinity of Noto), and AT (Hoki and 
Izumo), whose activity is far less than that of the ezUmal msme 
zone above mentioned. Of these three regions, the most impor* 
tant is F', which in historical times produced some violent shocks. 
6 and <• represent respectively the approxiniato positions of the 
gieat ►Siulo and Shonai earthquake of Dec. 7, 18:^3, and the llumu- 
da (Iwami) earthquake of March 1-1, 1872. These two latter 
regions form, together with ^, e, and Jr, a continuous band along 

* TUi WW Uw gfoalut •mon; the eirthqulM wblch vr«t sliook JftpaiL. 
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the concave sitle of the Japanese isiauds, and may be termed the 
inner sewnic zone. 

Among ilic utlior earthquake dintrictM, the most active are: — 
Mf Avhich mainly coincidei» wiUi the volley of the Shinauo-jM'^ 
and extends from the middle part of Kchigo to the nortliern part 
of Shinano and the eastern part of Hida; JC, Tokyo liay and 
Sa^ami-.Vm^i ; jv, Miiio, Owaii und Ecliizcn District; and JP, the 
western half of the Inh\nd Sea. 

Tlie different earthquake districts shown in Fig. 8 may he 
divided into two systems, namely, the "concentric** and the 
"ladia]/' as mentioned in §1. To Uie concentric'* system 
belong the external and liriM^r seismie ssones; jr(Echigo, Shinano and 
Hida); Jt (Tokyo Bay and Sagami-ATm^f) ; !• (Inland Sea), etc. 
Among the "radial " districts, the most conspicuous is N, or tlic 
Mino, Owari and I'Jehizen zone. 

Smimmtc AeHvity mtoHff the Jf«<fllferrafi««N-Jiifmiiiatfan 

Fig. 9 indicatef? the api)ro.\inuite positions of 11 recent 
destructive eartlnniaki s belonging to tlie Mediferrarx aii-IIimalayan 
Zone (marked 11), i>rovisionally supposed to extend eastwards to 
Formosa,* as follows:— 

1. Assam and Bengal, June 12, 1897. 

2. Aidin (Suiynia), Sept. 20, 180U. 

3. Schemaclia (Caucasus), Feb. 13,11)02. 

4. Kashugar (Turkestan), Aug. 22, lt)02. 

5. Saloniki (Macedonia), April 4, IDOi. 

6. 7, 10, 11. Formosa, April 24 and Nov. 6, 1904, and 

March 17 and AprU 14, 190(5. 

• Sw (ho BuUetin, No. 1, p pw ao-S4. 
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<S. Kangra Valley (riuijal>, India), April 1, lOOu. 
y. Calabria (iUily), Sept. 8, 1005. 

a, h and c in the figure indicate the existence of seismic 
centres in China and the Baikal district, the two former being for 
the present in a quiet condition. Of the 1 1 earthquakes, Nos. 1, 

2, 4, 5, 8 and 9 were wvy great disturbances and happened at 

dilfercfit places along the zone in question. 

lOw MMati^n •/ JinmM Are fo JISMfll«rratM«ift-JnNMil«qKiM 
«Mir Am»riemt SB^nea. Tlie most active, or external, seismic zone 

of .Tinniii (f, Fi;^. -S) forms a connect! iii: link between tbe Mediter- 
raiu-aii-llinialayua zone and tbe fn^-at American zone, wliicli latter 
strol^hes along or off tlie Pacific coast from Cbilo on tbo south to 
Alaska on the nurth;^ tlic Aleutian Island earthquake of Aug. 17, 
}\)0(>, having finally brought the manifestation of the great seismic 
activity to within 200Q*" of the north Japan. 



i Sm ttUi Xaober, p. tOOi. 
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Note on the Direction and Magnitude of the Vibrations 

in the Different Phases of the Earthquake Motion.* 



By 



A. Imamuray Sc. D. 



ExUaoidinaiy MemlMr of tbe Imperial E*rtliqaake Investigfttioii Committeft. 

1. The present note contains the I'esult of study on the 
observations at Tokyo concerning the magnitude and direction of 
seismic movements originating from distant centres. The direc- 
tion of movements is examined with reference to the path of the 

wave transit, wliicli is assumed to coincide with the great circle 
passing through the ohserving station and epicentre; tlie calcula- 
tion being made according to the formula 



where J represents tlie angle between the great circle and the 
meridian of the observing station, ^ the angular epioentral dis- 
tance at the latter, and f and f ' the latitudes of the station and 
the epicentre respectively, t The direction of the seismic motion 
has been obtained by composing the two horizontal movements of 
a few well-defined vibrations at the beginning of the different 
phases in the seismograms, which wcru given by Oniori H. i*. 
Seismographs registering £W and NS luotions. 

• Abalniet of a psipcr raiid before the mefltlny of tlie latfi. Eartbq. lav. Connn. o& Dm; 6^ 

1004i, ^vith iidditioii of the iliecussirtn of carthqnalm Noi. 4 Mid 1^. 

t 'lli<< formula fur the LalcukU<iii of S ii cos t eitl f lis f'+CM f C0> f OM (X-X'l, vbeie 
X entl X' repKi«ut the lon^tud«a of the ofaaerring ttntioii end tlie e^oeBtie veipeetimlf. 
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2. The earthquakes taken into consideration are as fol 
lows: — 

TABLE I. 



Oioui^ 




Oftte. 


EpiecntM : 


V 










1 


Sort. 


20, isyj 


Cemm. 


120° E 


cs 


4:;° 5V.t> 


S 15° .3 \V 




*» 


July 


29, 1£)00 




l7u»H 


IT'S 


59° 5S .0 


S 33° .» E 


I 


3 


June 


1. yjotj 


X. Austrulia. 






■i-j" 42'. 4 






•* 


Xor. 


10, 1000 


W. Australia. 




2i°.':'s 


t>3° 1.9 


S .15°.7 W 


n 


5 


Aug. 


2«, 1008 




75*1& 




80" W.l 


N 65» 1 W 


G 


April 


4> IMS 


India. 


77»E 


Sl«8X 


61» 


S 7ft» 1 W 




7 


Oct. 


«» 1800 


Almfia. 


140»W 


60»X 




S 37»j0 E 


iir 


8 


April 


18» 1906 


S«aFfaiieuca 


1»»W 


88* 




N M*;8 E 




0 


J«t. 


Sl> 1M8 


Colvabia. 




5*y 




X ea»o E 



C)f tliL'M-. tin- lii'st four (iriiriiiat 1(1 in Javan disitrict, tlie no.xt 
two ill tlie Jlinialayan (li.strict. and tin; la.^t tliivc in tlu? Pacific 
side of America. Thus the eartliquakes in Groups J, II and III 
wore propagated to Tokyo neariy from south, west, and north-east, 
Tefipectively. 

3. The positions of the epicentres given in the table were 
obtained as centres of the most disturbed areas, except for the 
subocennic earthquakes Nos. 2-4, whose origins were determined 

by means of the following observations concerning the time of 
comniencenunt.* 

Xo. 2:— 7' S.7" at Tokyo, 7'' 1).7"' at IJatavin, 7* 11.7"' at 
Calcutta, 7 12.(r at Victoria, 7'' 15.2'" at Mauritius, 7* 17.6"* at 
Cape of Good Hope. 

No. 3;— 4* 38.2- at Tokyo (dur. of p. t.^S" 25'), 4* 38.2- at 

* TiiDA » iiriTen ia CSretnwieh mew tine. 
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Osaka (dur. of p. t.=8'" 250, ^' :5'>-«" at Perth, 4* 37.1" at 
Batavia, 4* 41.9* at Bombay, 4* SO.S" at Calcutta. 

No. 4:— 7* 28.9* at Tokyo (dur. of p. t=16" 13'), 7* 20.6" at 

rcrth. 

The most important datum for the determination of the 
epicentre in Ko. 4 is the observation of the sea-quake 
on board the steamer Omrati at a point long, 104''50'£, lat, 
2V27'S. 

4. Tliat tho different phases of ?ri>riiic movements have 
different directions may probably be l>est understood from the dia- 
gram of the earthquake No. 3. (see PI. XXX.) In the eeismogram, 
not only the commencement of the 1st prel. tremor (I), but also 
that of the 2nd one (II) and its successive waves (a-d) are larger 
in the NS than in the £W component, while this relation is 
quite contrary in the 1st princ portion (III-D). It will also be 
seen that the ord pliase of tlie pnnc. portion (V'-r) is enlai.mMl 
in tlie XS component only. I have hardly any reason to 
assume such peculiarities as errors due to the instruments which 
ai*o most reliable on<»s in om Tustituto, the pendulums of EW 
and NS components having 01.5 and 48.5 sec as the periods of 
free vibration, and 15 and 20 times as the magnifications of their 
' writing indices respectively. The same instruments registered 
both components in Kos. 4, 6 and 9, and NS component in No. 8. 
The other component in the last named earthquake is taken from 
the illustratioti given by Prof. Oniori in the Publ. of the Tin]). 
Earthq. Inv. Cimmi., No. 21, Appeiuiix 11. With respect lo the 
(liaj^rams of the four other earthquakes, the EW component in 
Nos. 1 and 5 was ricorded by the instrument A, that in Nos. 2 
and 7 by D and C respectively, while tlie NS component in Nos. 



Digitized by Google 



128 



A. Ituuinura : Notu on 



TABLE 



Earth- 
qiMkc 


Couipo- 

B«Dt. 


pMlimiiiaiy iMnor. 


Sml pMllmiMy tremor. 


I-»*»*.b'bVaver. 
nun. 




Il-a a*b b-e c-d 4-9 aver. 


Kesultant 


dir. amp. 


dir. amp. 


1 


E-W 
W-B 


Bogao gndnllji 






S2;» 4W -SO 


8-N 


BagiiTi abruptly* 


•17 -49 
•84 17 ^' 




K-W 
W.E 


ueffta Knaoauy. 




■85 I'OT .,5 
1-6* •4» ^ 


$il«-9B 1-M 


X-S 
8.x 


liifgan very 

abruptly. 


1-20 _ -80 j.^^ 
•7S 1-SO. *^ 


■ 

9 


E-W 
W-K 


Itegaa gradually. 




•07 07 ^' 


Does '07 




Bagaa abmiptly. 


•7* -es ^' 


4 


E*W 
W-E 


Began gradually. 




•as "20 " 


BSS*7W 47 


v-a 


Bagu gcadvally. 


■20 -86 

•40 '40 




5 


W-E 


bitgan gradually. 






N4a*«W 


^1 1 Began gwdnally. 


■40 


6 


E-W 
W.E 


•88 -37 
♦6* 




4-73 612 J..6 
WO »^78 


N53«-6W4(» 


X-8 

8-y 


•|« -23 *^ 


230 3-78 n.-a 


7 


E-W 

W-E 


Bflgatk K**<lti*t1y* 




•70 -TS ^ 
-98 -25 ^ 


NM'-OB i<OS 


Beginning lar-^f. 




B 


Begao cmdtMiDT. 




ITU r.'3r! „ 


!;46»-SB 




S1O8 i-ao 


9 


K-\V Began Tary 
W.£ gradualljr. 




07 41M 2.j^ 


!S68*-9B »-06 


X*S Befui very 
S-X 1 gtadvAlIy; 


1*76 
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II. 



let principal portion. I 8id priacipol portion- 



III-A A-H li-^ C-D D-B »T«. 

IMUU 


Seniltaat 


V-« 9-P fi-r T-4 »W' 
moi. 




dir. ainpi 


dir. uipL 


5-4 2 7 * 


N70'-4«r 44 






•as -73 




•• " " ••1} 

3-3 


STT-O'-B *7 


•18 "Go ,o 
•71 -SO 


SS8«'6C L-IS 


'43 '50 ^ 
•8* ^ 






XaD^-SW I'M 


78 

•28 i-ao 


XH*^2E 4-0 


•ao '18 

•06 '38 ■«« 


3-1 8'7 *^ 


•28 -87 ^ 




■L'3 •lO ,r 
•13 -15 


S15.''-0\V -58 


•11 "20 

•13 


•81 "78 ^„ 

.Alt 

■38 •es 


•60 1*16 ^ 
-30 -00 •83 


X19"'-3E 2-44 




NSS«'5W 10-9 


2'17 t'SS 
lita 2-88 


6'7S 4-7 


I'tS -78 lo 
l-QO V78 


M7*7E ••98 






a-Cl 3-75 

3-15 5-45 






SrOSMW 2'38 






•ea i-is ^* 




•40 -as -as 

•as '88 


S27''5W -TO 






■as -38 ^ 
♦70 -aO l^3S ^ 




1-43 


X35 -IW 2-48 






£•38 ^ 
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1 and 7 was given by B, and in Nos. 2 and 5 by one whose 
magnification was 10 times, and whose period of free vibration 
was 30 sec* 

5. Taltlc II shows the range of motion i^douhlo amplitudes) 
of the different phases togetlier with the resultant directions and 
magnitudes. The numbers in the row E«W show the ranges of 
motion from east to and those in \V-£ the magnitudes in the 
opposite direction. 

6. Taiilo Til givus the relalioii betwwu ilic (hroctions of the 
2nd prohiniiiuiy tremor (11), the 1st (III) and onl principal por- 
tions (V) and that of propagation. The deviation of directions 
with positive or ne^tive sign means the angle through which 
the direction of movement deviated from that of the path in the 
counterclockwise or clockwise sense. As it will be seen from 
the average values, the directions of the 2nd preliminary tremor 
and the 3rd principal portion are almost coincident with the 
patli, while tluit of the 1st principal portion irf nearly norinal to 
the latter. 

* For tbti tktails of the iostruineBts^ tbe reader i« rcfirrr\Hl tv Prof. Omori : I'ubl. of the 
Inp. EnrUiq. Jnr. Comm. in Foreign LnKmngei, N'a il . 
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7. The result contained iu tlic foregoing $ § may bo suni- 
marized ns Holiuw.-: — 

((') The direction of tlie 1st prel. tremor, wbeii it i.s distiact, 
tends to coincide with that of the path. 

(6) The 2nd prel. tremor, whose dii'cction coincides with . 
the path, may possibly consist of longitudinal waves. 

(c) The 1st princ. portion, whose direction Is normal to the 
path, may possibl}*^ consist of transverse waves. 

(<i) The jiaths of the two last mentioned phases are probably 
common, as there vurk< of older geological forniation giving a.s 
mucli tran!?it vek<ciiiea. k>v ilic seismic waves of longitudinal and 
transverse types as the 2nd prel. trotnor and the Ist princ. portion. 

(' ) Of the magnitude of llie ditTerent phases, the .Jrd princ. 
portion is the largest, but no definite relation could be found for 
the two other phases. In fact, the 2nd pi'el. ti'emor was larger 
than the Ist princ. portion in the earthquakes nos. 4, 6, 8 and 9 
which had more distant ori^ns, wliiie this relation was quite 
contrary in the case of the nearer earthquakes. 

(^l) Similarity of the seismic motion originating at m ighljor- 
ing centres* is j>rohahly due to the existence of definite directions 
for the dilTcrcut }>liases niul similarity »>f the path. \Vilh respect 
to the latter statement, the eartliquakes of Group I, wliich were 
XMTopagated along suboceanic paths, had the principal portion 
slightly developed in magnitude and duration when compared 
to the preliminaT}*^ tremor, while those of Group II, mostly pro- 
pagated along the free surface layer had well developed principal 
portion. This proi)crty, however, requires further investigation. 

Jan. lUOT. i?eismological institute, Tokyo. 

* S«« Prof- Omori : Pub), of tbe Imp. Karthq. Inv. Couim. ^o. 21. 
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On Earthquake Zones in Central Japan. 

By 

F. Omori, Sc. D., 
Member of the ImperuU Earthquake Inveetigatiou CommUtee. 

1. Ifttroanefortf. The four principal Japanese is^lamls, 
namely, HokkMido, I lonslni (Main Island), Sluk(*ku, :ui<l Kyushu, 
are arranged in a curvilinear form*, whicli may be divided into two 

portions, namely, the 
northern and southwest^ 
om halves, whoso cur- 
vatures are turned in 
opposite diriKstions; their 
convex sides facing 
towards SE and NW 
respectivLly. (Jiui, l^a, 
and the noiirld)our- 
ing provinces ma}^ be 
regarded as forming the 
junction between the 
two component arcs; 
and it is a noteworthy 
fact tliat we have just 
there great complicat- 
ions of topogi aphical features, resulting in the formation of the 
Bays of T>juruga and Is.>, and the lake of liiwa. The latter, 
gi'catest of the sort in Japan, forms torff'tln^v ^vith the Bay of 
Osaka a depression zone, whose direction is inclined at an angle of 

• 8m the BuUrtiH. Na S. 
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Fig. 3. 

.Showiuff till? 
approximatfl 
fonn of tbe 




45* to tl)e cciiUid line or arc of 
tbe Japanese ij^land:^. As 
f^iiown by tlie dotted line in 
Fig. 2, the Lake of Biwa is 
rougbly triangular in form, 
aud it is the object of the pre- 
sent note to see, if any, the 
relation among the earthquake 
zones in Central Japan with 
reference to the lake. 



Great destructive earthquakes in Central Jaj whose origins can 
be more or let-s accurately ascertained, ;at- thu 3 lulluuiuy;: — 

( i ) Eqke of the 1st year of Koiclio : Sept. 4, 1696.* 

(ii) t, 2ud „ Kwanbun: June 16, 1662. 

(iii) ., 1st ,, Tempo : Aug. 19, 1830. 

(iv) ,, 1st „ Anaei : July 9, 1854. 
( V ) Mino-Owari Eqke : Oct. 28, 1891. 

The Keicho earthquake (No. i), wbich was very violent and 
became famous from the destruction of Ibe great J\ishinii Castle 
erected by Taiko (Toyotomi Hideyoshi), had its origin in the 
district extending from the soutliem part of Kyoto to the towns of 
Fushinu and Yodo. On the other hand, the Kwanbun earth- 
quake (Xo. ii), which was vcjy violent and extensive in area, 
originated about 40 km to the NNE of the first eartbquake, namely, 
to ilie west of Mount Hira, at the bounduiy of the uortbern part of 

* Prior to tbii date tbere wen KTenl deitraetivo euthqiuke in Kyoto and tbe vkdoitj, the 
oarliost gr^at attodk hwmi%; occurred in SST. It te, bomTer, iiuponible to locnto exactlj theif 

origins. 
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tlie province of Yama.shiro and the western part of tlie province 
of Oini. The Tempo earthqiiala! (No. ill), which was finiaUer 
than the Keicho and Kwanhun shocks, originated between tho 
centres of the two latter, beiog strongest in t lie northern part of 
Kyoto and tlie adjacent region to tho north. Thus, it will be 
observed that the three earthquakes above mentioned all originat- 
ed along a line which extends from the western part of Omi 
tfi the vicinity of Osaka, in tho direction of N20^£ and S20**W. 
This earthquake zone, which may be called ^-Zone, (Fig. 3), 
passes on the north thi-ough the city of Fnkui (provijice of Echi- 
zen); it l)eing specially interesting that the severe ear(h(iual<e of 
March 22, 190(_), which wa.s IclL slrungly iu the vicinity vi tho 
town of Sal>ai-' (Kchizen), originated just on the northern prolonga- 
tion of the zone under consideration. It will be seen that the 
occurrence of the dilTerent earthquakes along A. was in accordance 
with the principle explained in the next Article. 

The Ansel earthquake* (No. iv) wa.s a very extensive shock 
and w;is most violent about the city of U^no (putviiirr i>f Tga), the 
epifucus. Ji-Zone (Fig. 3), being a zone abuut I'n) kni \n 
length, which e.Ktends in a mean direction of 87u W — N7U E 
from the vicinity of the city of Nara (province of Yaniato} to tiiat 
of the city of Yokkaichi (province of Ise). The western end of 
this zone also points to tho city of Osaka^ on the head of tho 
Osaka Bay. 

Finally, the great Mino-Owari eanlu[uake was caused l)y 
tectonic disturl)ances which produced faults extending from the cen- 
tral part of the pro\7nce of Jj^hizen to the south-eastern part of the 



• This is differcut from the two jjivat eiirlhijuithi it - i in 1st your of Aiisei, which 
originated off the couth- western comt of Japan^ ivtip«ctiv<.'ly ou the 23rd and 24th, live. 18^4. 
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provinei' of ^lino. the vertical and liorizontal convulsions of the 
grouiul lu'im laust niiirkediy manifested in the faniuua Neo- 
Valloy of the latter province. Tliere was very probably an under- 
ground line of disturbance which formed a direct southern prolonga- 
tion of the Neo-Voiley fault, reaching down to the head of the 
Bay of Ise. On the whole^ the direction of the epifocus, 
<y-Zoiie, (Fig. 3), of the Mino-Owari earthquake was N 20* W 
— S20*E. 

The three onrtlnjnnke zones, At It, and form approximately 
a right-angled triiiDgie, whose hypotheuuse is A., and whose right 
an^e is formed by JV and these two latter sides being inclined 
to the former at an angle of 45^ or 50.* The great destructive 
earthquakes in the central part of Japan seem always to originate 
at some parts of the sides of this seismic triangle, which is 
roughly similar to, and similarly situated as. the triangle formed 
by the Lake iiiwa. It thus appears probaide that tlic latter was 
formed as the result of the existence of «onie forces in the earth's 
crust in this part of Japan. The zoue^ H and C may be regarded 
as being respectively paralUi and normal to the general arc or 
central line of the Japanese islands. 



The foruuLtiou of 



the zone .4 may be 
explained by the ap- 
plication of the theory 
of the seeondartfy or 
vhear, cracks accom- 
panying the fault pro- 



a 




c 



b 



duced ill the epifocal 
zone of a destructive 



Outer Japiui. 
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earthquake* Thus let ab (Fig. 4) represent the boundary between 
the convex, or outer, side and the concave, or inner .side, of the 
Japan arc. If now the latter ^idc he sheared relatively to the 
former as shown hy the arrow c, then there ouglit to be |>roduced 
some oblique cracks, as d, which is inclined to the boundary line, 
a 6, at an angle of 45^ d corre^onda to the seismic zone A or 
the depression formed by the Biwa Lake and the Osaka Bay. 
That some such action of the terrestrial forces as above imagined 
took place seems probable, since the geological formations on the 
eitterior or convex side of the Japan arc are regular in arrange- 
mcat, while those on the inner or concave side are very 
in'cgular and coniplicated, 

• See tho BiilUlin. Xob 1. 
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Recent Strong Earthquakes in the Shinano-gawa 
Valley (Central Japan). 

By 

F. Omori, Sc. D., 
Mratber of tLd Imperial Eartiiquake Iar«stigation Committeflk 

1. MntrwiHeH^M, Destructive earthquakes, whether great 
or local, are generally not isolated phenomena, but form groups 
each of which h:i]»iK n along a seismic zone of greater or less 

extent ; no two violent shocks occuning >iKCLS?ivoly at one and the 
same piact!. Thus let A B (Fig. 1) represent a seismic zone; 1, 2, 

5 4 

Fig.l. A 0 # © # ®— B 

8 12 

3, 4 and 5 being different earthquake centres. If now the first 
two earthquakes took place at 1 and 2 respectively and the 3rd one 
at 8, the next shock may be expected to occur somewhere at 4. 

Agiiin, atler the occurrence of the enrtiKjuakcs 1...4, the ath one 
may he expected to liappeu towards either end of the zone under 
consideration, say at 5. 

S. Siroito Bartkftwakmm in ihe ShiHnn&^tiWit Vailey, The 

case diagrammatically illustrated in Fig. 1 has exactly heen 
verified l>y the 5 strong earthquakes, which liappened, between 
the years 188G and ISO'J, iu the Shinano-gawa valley; the latter 
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forming otiu of iIk' active scisuiic zones in Llic central part of tlie 
Main- Island.^ The dates of these 5 earthquakes are as follows; — 



No. 1. July 23, 1886 ; 1.00 A.M. 

„ 2. July 22, 1887 ; 8.30 P.M. 

„ 3. Jan. 7, 1890 ; 3.43 P.M. 

„ 4. Jan. 17, 1897 ; 5.36 A.M. 

5. Jan. 22, 1899 ; 8.04 A.M. 



Tt may hy ihe way be noted that tlie first two earthquakes 
occurred at an ahiio.st identical epoch oi tlie year, namely, on 
23rd and 22nd of July, while the three remaining ones 



strong or destmctivc earthquakes belonging to a given seismic zone 
tend to occur at nearly the same hour in the day, or in the same 
month of the year. The approximate positions of the epicentres 
of the 5 earthquakes are indicated in Fig. 2 by the numerals 1, 2, 

3, 4, and 5 respectively. 

/v//;«; No. 1 originated at the lioundary of the two provinces of 
Eeliigo and 8hinano, and was strongly felt in the counties of 
Higaslii-Kubiki (Echigo) and Midochi (Shinano), causing a 
destruction of one houi^^e, besides several cases of damage to dozo 
(Japanese ware houses), ishuiaki (stone retaining walls), etc. Some 
erodes of the ground were also produced. 

Eqke No. 2 originated in the Koshi county, (province of 
Echigo), where the gi ound was cracked and water and sand were 
ejected ; some temples being displaced 2 to (> inches on their 
foundations, and one persoji wouiidtd. The shock was also 
strongly felt in the two counties of .Mishima and Minand-Kaubara 



* Tins is the zotio marked St in mj papw tat tho D}sttibati<ia. of Reemt Japan Eartli- 
qnftkc«. Tha Butlttin, No. 2. 



occurred 




This is one of the instances, in which 



(Echigo). 
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Fig. ± 

Map ilbifatr.itiu:: '.ho Shinauo-^wa E<|. Zone. Biuall 
•iukifiU. vllipBca indicate tlie wprosiiuiUo pontiOBS of 

Higaslii-Cliikunia (in the province 
of disturhaiice being in the vicinity 
case, tho motion was not ao intense 



Kqke Xo. 3 was most 
severely felt in the coun- 
ties of Kaiiii-Midochi, 
IIiga>li ! - ( liikiinia, Kita- 
At!>iinii, and barasiiina (aJl 
in tho province of Shina- 
no). Houses and dosos 
were damaged, cliffs and 
roads were cracked^ tomb 
stones were overturned, 
water and .suul wt ic (.-ject- 
ed from ground cracks. 

K'lkc So, i was severe- 
ly felt in an area of 
about GO square miles in 
the two counties of Kami- 
Takai and Kami-Midochi 
(in the province of Shina- 
no). The f^eisnnc damage 
was nearly the same as in 
Kqke No. 3, the epicentre 
being probably situated on 
the eastern side of the 
Shinano-j^ira. 

Et]^6 So. 5 was strong- 
ly felt in the counties of 
Suwa. Kami Ina, and 
of Shinano), the centre 
of Lake Suwa. lu this 
as in tlie four preceding 
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shocks, clue probably to a greater depth of its origin. 

Summary. It will be observed that the 5 earthquakes above 
described were each a local severe shock, whose damge was limited 
to cracks of the ground, some injury to buildings, and the like. 
Further, (2) originated about 33 miles to tlie NNE of (1), while (3) 
originated at a greater distance in the opposite direction, at 50 
iiiilt.s to the SW of (1), iianiely, a little distance to the SE of the 
town of Omachi. Thiif; it was very likely that tiie next place to 
be visited by a strong sliock was between (1) and (3). This has 
been fulfiliod Ijy the occurrence of the noxt eartliquake at (4) or 
the vicinity of the city of Nagano. The famous great eartiiquake 
of Zenkdji on May 11, 1844, was of the same character as, but 
much more violent than, Eqke No. 4. 

The occurrence of Eqke No. 5 further southwards was in 
accordance with the liatural order uf things to be expected. 

8* SHBunie JitiMiy <f» iAmerle*, Atda a$ui MBm^pe, The 

successive occurrence in recent years of a number of destructive 
earthquakes along the American and Mediterranean-Himalayan 
seismic zones* furnish another illustration of the principle ex- 
plained in $ 1, manifested in a grand scale. 

* See tbti liullttiiu, Hoa. I and 2. 
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Note on the Eraptiotis of the Un8en*dak6 

in the 4th year of Kansei ('792). 

By 

F. Omori. Sc. D., 

Member of the Imperial Earthquake luvcstigatiou Committee. 

The eruptions in tlie 4th year of Kautiei (1792) of the Uusen- 
dake which staiuls on the peninsula of Shimabarn, in the province 
of Hizen (Kyushu), extended over n period of nearly 4 months. 
They were preceded, for several weeks, by a number of small 
shocks, which caused some landslips from mountain slopes; the 
first eruption having taken place on Feb. 12, 1792, at midnight, 
near tiio top of tlie Fuken-san (M78in above the sen level), one 
of the higiu'-t peaks of the mountain. SnlirJcmu ntly tlit-ir were 
several eruptions from ditTerent neij^iibouriug places, attended by 
numerous detonations and earthquake shocks!. Of the latter, those 
on April 21st and 22nd (March 1st and 2nd, Lunar Calendar) 
were the strongest, causing in the town of Shimabara some 
damage to buildings and cracks of the ground about 1 inch in 
width. The final catastrophe occurred at about 6 o'clock in the 
evening of May 21s;t, (April 1st. Lunar Calendar), when two 
violent earthquake shocks look place, and tlie <'i)tire southern slope 
of the Mae-yama (870ni above sea level), which is opposite the 
town of Shimabara, slipped down, producing an immense avalanch 
of rocks fuid eartli. The latter quickly descended into the sea of 
Ariake, which separates the Peninsula from the province of Higo, 
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causing a consifleraMo change in the topogi-aphy of tlie harbour. 
Amongst otlieiv-. three small islands were wiped out of existence, 
and several dozen others newly created. Simultaneously with the 
landslip^ great sea waves were fonned, which rolled in along the 
shore and attained at some places a height of 20 to 30 feet, causing 
devastations among 17 villages along the eastern coast of the 
Peninsula for a distance of 77 km. The number of the casualties 
on tliis side of tho Ariak^ Sea amounted to 0,745 persons killed 
and 707 persons wuunded. besides 49G cattle and hursc;^. The sea 
waves produced also a considerable amount of damage on the 
eastern shores of the Arinke Sea, namely, in the counties of Akita, 
Udo, and Tamana, of the province of Higo, where the total 
number of persons killed amounted to 5,100. Along the coasts 
of the Amakusa Islands, 343 people were drowned. Earthquake 
shocks continued to happen for the next two months. 

The local earthquakes which accompanied or preceded the 
eni]»tions of the Unsen-dake were not very destructive, but much 
severer than is ll^ually the case with volcanic expiosiom. In these 
latter cases, as with the recent outbursts of Japanese volcanoes, 
namely, Bandai-sau (1880), Azuma>san (1893), Adataro-san (1900), 
and Tori-shima (1902), the phenomenon is purely that of a steam 
explosion, and the volcanic force is maialy spent in blowing and 
])rojecting mountain masses, only a small amount of the energy 
being transformed into earthquake \'ibratr[>n8 On the other 
luiiid, in eruptions like those of the UnsLMi-dakt-, wliich were 
attend' d by no gigantic explosion, the subterranean volcanic 
energy would be in a great measure spent iu causing mechanical 
vibrations, resulting in compamtively severe earthquake shocks. 

The cause of the great Shiroabara sea waves seems to have 
been the disturbances of the waters by the enormous quantity of 
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rock and earth masses thrown into latter. Thus the volume o! 
the i^s was roughly 0.55 cubic km, or equivalent to an area of 

550 square kiu, with a thickness of 1 metre. Such an area is 
nearly equal t(» that vi the AriakL* Sea, which is an inland h(»(ly of 
water incliKletl between the two provinces of Hizen and Higo, an<l 
the volume of the debris thrown suddenly into the sea seems to bo 
sufficient to produce an initial displacement of the surrounding 
water masses, the disturbances thereby created being propagated 
to the different parts of the shores, where tidal waves were 
formed. The great landslips from the Mae-yania Avas evidently the 
efl'ecl of the local but violent earthquake shocks. 

Instances e.vactly similar to the Uii-cn-dake eruptions are not 
rai'e. Thus, the eruption in lb()»S of iMauna L<kk in the Island of 
Hawaii, began on March 27 of that year. On April 2, there took 
place a severe earthquake shock, which did some damage to 
buildings in the vicinity, causing at the same time, a landslip of an 
enormous quantity of soft day from the head of a ravine called 
Kapapala at the south-eastern flank of the mountain. This 
produced a mud stream, half a mile in width and about 30 It. in 
de])th at the centre, whirh descended into the sea in the interval 
of only a few minutes, over a distance of 3 n)iles. The result was 
the immediate formation of large sea waves, which rolled in along 
the shore of Kau district, attaining a height of 40 to dO feet. 

The sea waves attending the great eruptions of Krakatoa in 
1883 were also probably caused in a measure by the ejection of the 
rock masses into the surrounding .sea waters. 
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Seismograms Showing no PreUminafy Tremor. 

By 

F. Omori, Sc. D.» 

Member of the Imperial Earthquake luvestigatiou Committee. 

1. JhirMTiMfioM. The examinfttion of the horizontal pen- 
dulum diagrams of the Japan earthquake of Jan. 21, 1906, which 
originated off the south-eastem coast of the Main Island, has 
accidentally revealed that Bome earthquake motion indicates no 

])ii liiiiin!iiy treiuoi' wlioii observed at places (situated in certain 
directions relative U> tlie seismic origin ; the earlluiuake al Kelj. 
6, 1907, also indicating the same fact. Studies in this connection 
may throw mudi light on the nature of the vibrations composing 
the initial part of the macro^seismie earthquake motion ; the present 
note giving a short account of the observations of the earthquake 
of Jan. 21, 1906. I have here to express ray thanks to Mr. N. 
Shimono, Director of the Osaka Meteorological Observatory, for 
his valuable suggestions and assistnnci' iiivt n nie in connection 
with tlie investigation of the l artlniuake in (luestiou. 

». JaoMiMMote. (Fig. 1.) The earthquake was felt as a 
slight or moderate shook over a considerable area, which extended 
from the south-eastern portion of Hokkaido on the north-east to 
the strait between the islands of Shikoku and Kyushu on the 
south-west; the l)oundary of this area, or the isosei^nial J, being 
synanetrical with respect to a line, which is normal to the Japan 
arc and connects the cape luuboe (province of Shia)o*a) with the 
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southern cikI u{ (lio Sado island. Tlie isoseismal line II includes 
the area withiu which the :iliock was struiujlj/ felt. 

The earthquake was recorded hy <.)niori Hnil/ontal Pen- 
dulums at the different stations in Japan and also at tlie Meteoro- 
logical Observatory of Zikawei, near Shanghai. 

3. M'oHittnn af the aright. The approximate' po.sition of 
tlie eartluiuaku urigin may he infrnvd from .the .^eismogranis 
obtained at Tokyo, Mount T^sukubu, Mitu, and Nfiyako (province 
of Rikuchu), wiiere the preliminary tremor was clearly observed, 
as follows. 



Place. 


Duration of 


Kpicontral DiBtance 


Tokyo , 






m 


Mt. Tsukuba 




43 1 


aso 


Mito 




47 ! 


880 


Miyako 


• * • « »« 


78 1 


010 



Tlio opicentral distances given in the above table have been 
calculated by the formula* 

as*-=7.27 y"' +'^^'"\ 
The 4 circles drawn about Tokyo, Mt. Tsukuba, Mito, and 

* 

Miyako, as centres with the corresponding calculated values of the 
epicentral distance? for the radii, meet as shown in Fig. 1 at 

point.s which are close to one another. The appru.ximale position 
of the earthquake origin tiui5 dcteruiineil h 



* The P«Mi«a((o«i«. 1& 
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the actual ai'cual distances from tlio epicentre, the time* (=0 of 
earthquake occunence, and tlie duration (=i/) of the prelimlnaiy 
tremor, for the different stations being as follows, f 





Efikeatial Diittaee 


TiiM of oecnmnce 
-f, 


Duration of 
Frol. Tremor 


XVAVV ■*> mmm 


o Li —ooo Ktn 


h ut t 

KA •■11 D AT 






o IS T^tmi 


lU Ok 19 


AH ■ 


MIWJ ... ... a«a 


o w — oou 


in e/| QQ 
lU Oil oo 


Ai 

%4 


IVtlZuBflwB 


0 UU =0D< 


10 51 4.J 


aft 


M i yako 


5 23 =598 


10 32 44 (•>) 


7d 


Isbinomaki 








Osabft 




10 50 28 




Kyoto 


6 2l=:705 




• 


Kobe 


6 49=758 


TO 50 30 


• 


Tadotsu 


H 00=881) 


10 50 23 


a 


Shanghai 


18 57 =2100 


10 52 15 


141 


Taihoko 


21 10=2352 


10 53 20 


ISO 


Taicbu 


2i 15=2472 


10 52 12 (?) 


177 


Hokoto 


2a 27 =2606 


10 51 15 (?) 


202 


Maniia 


28 20 =3148 


10 54 23 


281 (?) 



4. Character of the Stiamogranig. The ^^ei^mograms at 
the different stations are shown in Figs. 2 — 15, as follows. 



• The tiuit'Siirtf ^jivcn iu the Ut Normal Jajtm Tiiij.\ iir tliat of longitude 13'" F. 
t All the obwrratioa made with Ouiori ilor- I'eaduluui, 9xc»pt that ftt Muoila. which was 
undo with Vieentani SeiAmognph. 
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No. of 
Fig. 


Station. 


Component 


Mnltiplication. 


Pendolam 
Period. 


2 


^Jsftti^ 


EW 


20 




3 


,» (slow time rate)... 


n 


10 


30 


4 


Kyoto ... 




20 


30 


5 


JiLOllO ««■ «.* 


NS 


20 


25 


6 


Ishmomaki 


EW 


11 


25 


7 


Tokyo (Hitotsabubi) 


>* 


10 


24 


8 


{H.onsiiS 


» 


120 


26.5 


0 


>t t» 




20 


48.5 


10 


ff ff ... ••• 


EW 


15 


61.5 


11 


M It ....»■ 


Vertical 


80 


2,0 


12 


II ft ••• ••■ 


II 


12 


4.5 


13 


Taiboko (Fortnoaa) ... 


EW 


10 


28 


14 


Mito ... 




20 


28.8 


15 


Miyako 


•• 1 


120 

1 


18 



From Figs. 2 — 15, it will be observed that the seismograms 
obtained at Tokyo, Mito, Miyako, Ishiiiomaki, and Taihoku,* 
indicates the proliminary tremor in the usual way, while those 
obtained at Osaka (KW) and Kyoto (VAX) has no preliminary 

tremor at all. In the Kol)e scisniogi'am (XS), the molion was 
quite large nt the wry cuiiiiaencement as Ava*; the ease with the 
two last-iiiuulioncd i>hices; there being, however, an iil-defiued 
indication of the preliminary tremor. 

I give next a short description of the seismograms obtained 
at the three stations of Osaka, K5be, and Taihoku: a, 2a, and 



* The aeiniiiqgtiuiu obtained mt lit TbukulM. MUusawa, Sbaagbfti, Taicbu, MBkotOt otc iibo 
indicated tliB pralimioftry tremor. 
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T denoting as usual the amplitude, double-aoiplitude, and the 
complete period of vibration, respectively. 

Osaka, (Fig. 2.) EW component (Multiplication = 20). 
Natural oscillation period of the horizontal pendulum=27 sec. 
The earthquake began quite suddenly with a large quick displace- 
ment of 2.9 mm, to^vards W, followed hv a counter motion of 
4-9 mm, towards E, this laUur being the absolute luuxiiiiuiu. Tlie 
vibrations were active for 2" 20', being composed of the following 
3 sets: — 



The motion was distinct for further 5" 15': — T—i.9 sec. 

The diagram funiisfaed by a horizontal pendulum apparatus, 
whose recording drum rotated once in 24 hours, (Fig. 3), also 
indicated no preliminary tremor. 

Kobe. (Fig. 4.) NS component (Multiplication =20). Natural 
oscillation period of the hoii/juital |)( ii<lnluni=2-") .-^oc. The carth- 
qunko l)egan suddenly with a large vibration, of r=36 sec . whose 
two displacements were as follows: — 



the latter being the maxiiiaua uf this sort of motion. 

'i'he motion was n)ost active for the fii'st o" lb' and consisted 
of the following 3 sets of vibrations: — 



Tri 3.7 sec. (lai'i^er vibrations), 
T= 5.7 ,. (smaller „ ). 
r=27.0 „ 2a=GJ> mm (pend, oscillations). 





r=: 3.1 sec. 

Tsll.1 sec., 2aB!2.l mm (tbis max. occarred 38 sec. after the 



[ ' coaamencement). 

Tb24.5 sec, 2(»sd.3 mm (pend. (Mscil.) 
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Thereafter the motion gradually diminished, the movements 
being as follows: — 

T= 1 1.3 aec., 2a=0.dS mm 
T= 4.0 ., (?), l>a=8iiMll. 
Towards the end: — T=ll.l sec. 

Taihohv. (Fig. 13.) EW Component (Multiplication=10). 
Natural osdllatiou period of the horizontal ponduluni»23 sec. 
The preliminary tremor lasted S*" 0*, the movements at the 

very commencement being as follows: — 

Ist as=0.11 iiiiu, towards W ; 

'2nd 2a=0.H) „ , „ E. 

The average jtcnutls. were: — /'=4.0 .sec, T=2A j^ec. 
The princii)al portion lasted 0" 55', the movementi? at the 
oommeDcement being as follows: — 

Isk a =0.65 mm, tot^-ards W; 

2nd 2a = 2.55 „ , „ Ej 

3i-d 2a=2.40 „ , „ W. 

The subsequent motion was much smaller. 

B. FIftraftoM mt the Commenemmeni «/ the JBmrth^Hmhe. 

(i) Observations at Osaka, Kobe, Kyoto and Tadotm. The let 

vibration of the ( aitluniako motion ree»ndetl at the 4 stations of 
Osaka, Kuhu, i\yolu, and Tadotdu, wliich arc situated westwards 
from the origin, and where the preliminary tremor was entirely 
absent or unduly lai^e, was as follows : — 



Station. 


1st Displacement 


2nd Displacement. 


Bemarks. 


Osaka (EW). 
Kcbe (NS). 
Kyoto (EW) 
TadoUn (EW). 


2.«8, towiuxls W. 
1.28 „ N. 
17-, „ W. 
0.D0 „ W. 


4^, towaida £. 

1.73 „ S. 
2.6« „ E. 
2.00 „ E. 


Quick Tib. This -ma the tbu, 
maau 

Quick vibration. 

Slrjw Tib. mixed with quick 
uiovoment't. 

Slow vibration. 
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Combining the observations at Osaka and Kobe, which are 
near to each other, we find the following resultant motion: — 

ilat displarcement as3.08 mm, towards N 67* W. 

2iid , ...2a=5.14 , „ S7rB. 

As the earthquake origin lies to tlie 8 S0° E of Osaka the 
initial vibration may be regarded as due to the longitudimi wave, 
and took place in a direction parallel to the line joining the places 
of observation with the centre of disturbance ; the 1st displace- 
ment being directed away from the latter. The initial displace- 
jiiciit ill the E W compoiiunL at Kyoto and Tadotsu was also 
directed towaiils \\'. It may bo here noted that sonic microseismo- 
gi-aphs with a Jai'ge multiplication ratio and a short natural oscilla- 
tion period, say, of 2 or 8 seconds, are, on the occasion of a sharp 
local shock or large earthquake, usually thrown at once into big 
proper oscillations, thereby indicating apparently or diagrammatic^ 
alUj the mazmium movement at the commencement. With the 
observations at Osaka and Kobe, however, the • movements 
recorded were really those of the ground, their i>eriods being the 
same at the two pkaes. namely, 3.7 and sec, and quite 
different from the natural oscillation periods of the horizontal 
pendulums, which were 27 and 25 sec. respectively. 

(ii) Ohmmtifm ai Tokyo. The observation at Tokyo, where 
the preliminary tremor, was clearly indicated is also very interest- 
ing, as it gives the directions of vibrations at the very commence- 
ment of the motion, and of the principal portion. Taking suitably 
the mean value of the EW component motion, wo find: — 

Isfe displacement at the commencemeut of the prolimiaacy 
tremor a— 0.60 mm, towards W \ 

the simultaneous NS and vertical components being as follows: — 
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1a=1.05 tuui, toward:i S, 
a=U.54 , downwards. 

These give for the resultant horisontal motion the fol- 
lowing: — 

initial (prel. tremor) (iiopkceruent a—l.l mm, towaul's S 30° W. 

The counter horizontal motion was: — 
3a=8.2 mm, towards N 22^ £. 

Taking the mean from the 1st and the counter displacements, 
we find: — 

direction of tbe iuitial vibratiou S -ij' W — N 26" E. 

As now the origin of the earthquake was to the S 65^ E of 
T6k}-o, it will be observed that the direction of motion of the 
vibration at the coramencement of the preliminary tremor was 

exactly at right angles to the line joinintr T«'iky(> witli tlio origin; 
that is to say, tlie preliniinarv tremor in tlits jHtrticiilnr instance 
belonged to the transverse wave. 

Turning now our attention to the princi[tal portioH, we obtain 
the following mean result for the Ist displacement of the large 
vibration at the commencement: — 

ist displaceiueot ,.i»s59.9 mm, towards K5d**W. 

The counter EW component motion was \'A mm tuwuixljj K, 
the two displacements of the vertical motion I'ciiig respectively 
a=2.3 mm downwards, and 2n = o.8 mm upwaids. The XS com- 
ponent pointer, however, unfortunately went out of the smoked 
paper and did not record the 2nd displacement and the subse- 
quent movements. It will be observed that the 1st displacement 
of the principal portion was nearly parallel to the line joining the 
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caithqiuike origin with Tokyo, tiius belonging to tiie lonffiludiml 
wave. 

(iii) ElV CmftonetU Obsertatims at 3/tto, Ishinomaki and Myako, 
The seismogTAin at Mito, which is situated about 100 km to the 
N\V of Tokyo, was similar in character to those obtained at the 
latter place. Thus we have : — 

!lst (.lisplacoiuoiit at tliu couiMjciicfuient of the preliiuiuary 
ti\'iuor = ().-n nun, t,nvards W ; 
ist displacetiieiit (a) al the coni]i.eiiccuient of the pl'iiicipftl 
pnrtion=:5.4 iniu, towards W. 
2nd dioplacernent ('2^), ur the counter motiou of the preced- 
ing =11.8 mm, towards K. 

The directions of the movements at the commencement of the 
KW component principal portion obtained at Ishinomaki and 
Miyako, both situated in the north-eastern part of the Main 
Island, were the same as at Tokyo, bciiig directed towards W and 

towards K ruspcctivoly. 

6. Trnttmrerme Atttf L,ongitudinal Vibraiton*. By com- 
paring the observation at Tokyo with those at Osaka and Kobe, 
we arrive at the conclusion that the first vibrations in the pre- 
liminary Iremor registered in the former place were due to tihe 
tr&fomK wave^ while the largo principal vibrations at the very 
commencement of the earthquake motion registered at the two 
latter i)1nce<? (as well a.^ Kyoto and Tudotsu) wore due to the 
ImgihtdiiuU nave. To explain these peculiar relations, we may 
suppose that the prehminary tremor consisted, from some cause, 
mainly of the transverse vibrations in a nearly N — S direction. 
Such movements would give the preliminaiy tremor at Tokyo in 
nearly the N — S direction, but would be overtaken, along the 
path towards Osaka and Kobe, by the longitudinal wave, whose 
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inopagation velocity is greater than that of the transverse wave; 

the result being that at the last, mentioned places we got first the 
large vibrations constituting the principal i)orlion, due to the 
Jougitudiual wave. 



PL. XXXII. 



Fig. 1. Map of SngtMp sbowing the laoBoismal liines and klie 
Position of tha OrigiQ of tbo Bartbqiuike of Jan. 21, 1900. 

(n) i« •« •• It •«t«tioiitaiotioii. 
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Earthquake of Jan. 21» 1906. 
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Fig. 6. iBfaitiomaki ObaeivitioM. 

EW Component. 

Maltiplioatioa— IL 



J 1 L. 



l| O I g i # 5 



muv. 



Fig. 7. Tokyo (HitotaQtiMbi) Obsdrvftiioti. 

EW CotupoUtiUti. Uultiplicatioii-lO. 




now: 1 iiitenal^i 
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Obsei viuion in Tokyo (Hongo). 
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Kg. 10. EW Comp 




(X) Fointtr mMtm. 



Fig. 8. EW Component. 

Multi]^i«fttiOB— 120. 



Fig. 0. NS Component. 

MuIUpIicatioo » 20. 
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Vibrations of a Railway Bridge Pier, 

By 

F. Omon, ScD., 
Member of tbe Impeml EarUiqaake Iiiye»tigmtion Cominittee. 

A preliminaiy series of the meaauremoDt of the vibrations of 
railway bridge piers was carried on in 1901, the first report on this 

subject haviuy been given in tliu Puhlications of the Karlhqiuike 
Tnvfsti'jUion Committee, No. 12. I have continued tlie.se measuro- 
meutt- with my horizontal tremor recoixler, in whicli tlio two 
horizontal component pointers had each a raagniiication of 10 to 
50 times, the registration being made in ink on white paper driven 
by rollers. The diagrams obtained were, as shown in PL XXXIX, 
very good. 

Tme-^ttea Briiljc, near Toride Station, ifiptyon Railioay. This 
single-track (8' G" gauge) bridge consi.sts of eight 200' Double 
Wan-en tru^s^es and twenty -two tiO' plate girders. On Aug. 27, 
1904, I have made a series of measurements of the vibrations of 
the pier ijetweeu the 7tli and 9th 200' trusses,* (counted from the 
Tokyo end of the bridge). The pier experimented on was built 
of brick and had a total height of d4'.2, of which 29'.36 was above 
the river bed and had a thickness of 10', while the remaining 
64'.86 formed the well and had a thickness of 12'; the depth of 
water being about 10'. f Tiio tremor recorder was set up on tlie 



• This is one of the piera exporimentetl oo in 1001, 

t tlM eleraCiMi uil pbn of thu pie* ia glras in the PuUkatiom, Xo. 18. 
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top of tho pier; V\. XXXVIII beiug a picture of tlic iiif'tninieiit. 
I'l. XXXiX is one of the diagrams obtained, and niagiiilies 30 
times both the loniritndinal and transverse vibrations; thcije two 
latter being respectively the movemenU of the pier perpendicular 
and parallel to its face or plane. The motion was caused, in the 
case under consideration, by an up train consisting of a locomotive 
and 44 goods wagons at a slow speed. As will be seen from PI. 
XXXIX, the greatest transvei'so vibrations occurred not at the 
inuiiient of the transit of the locomotive, but when tlie end car of 
tlie train was ju!it passing over the pier; there being a series of 
maximum movenients, whicii corresponded to tlie successive 
piers, on account of the transmission of the transverse motion of 
the differrent piers through the means of tlio girders. Again, the 
longitudinal vibration was by no means small, as ought to be. 
In fact, as shown in my previous pajxr, a pier which rises from 
soft and muddy river bed does not vibrate with its base, tiiat is to 
say, junction witli the well as the centre or tixfd point; the real 
position of the latter being a considerul Ic distance lielow tho 
ground surface. In our case, the centre oi" \ iitration i.s 40' or 50' 
deep; the pier (and tlie well) with the giiiiers thus forming 
virtually a tall brick column, 60' or 70' in height, witli heavy top 
load. Hence it is natural that the pier should vibrate parallel to 
its face as well as at right angles to the latter. The elements of 
motion were as follows: — 



Trantverse Vibration^ 



CSomplete Feriods=0.S9 sec., max. motion=0.63 mm; 




Longitudinal VibreUion, 
Complete Period=0.22 sec., max. motion =0.38 mm. 
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there being also some traoea of slow raovetneats of period of 0.7 
sec., due probably to the effect of the lateral vibration of the 200' 
girders. Towards the end, the movements became small and 
regular, there being the folloi^^iiig two sets of motion: — 

Complete Period =0.37 sec. 

„ =0.24 ... 

Thus in this ease the amplitude of the longitudinal vibration 
was half of that of the transverje vibration. But as the periods 
of the principal movements in these two components were 0.39 
and 0.22 sec. respectively, it comes out that the acceleration of 
tlie longitudinal vibration was nearly double that of the transver>C'. 
If we further take into considemtion the fact that the breadth of 
the pier was not less than twice the thickness, the great importance 
of the longitudinal vibration in its relation to the strength of the 
pier will be readily recognised. 

A full report on the measurement of the vibrations of the 
difTcrcnt brick and iron piers will be given in a future number 
of tlie Vuhlicaliom. 
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On a Method of Suppressimg Air Tremors Occurring 
in Milne H. P. Seismograms. 

By 

A. Imamura, Sc. 0., 
Extraordinftiy Member of tlie Impeml Eartbqmke lurertigation Committee. 

The -principal disturbing cause in Miiiie H. P* Seismograms 
is probably the appearance of the so-called air tremors^ especially in 
cold weather during night and early rooming, which obscure tlie 
earthquake motion occurring at these times. This diBtarhance is 

known as an effect of cunvLction current of tlu air within the 
iiislnniiciit case, which cools in its upper part in consequt iKv of 
quick radiation, while the air near tiie record-receiver and forming 
the middle layer io the case becomes comparatively warm under 
the influence of the lighted lamp. 

Our instrument room is bounded with a metallic covering 
within a small building (1.5x1.8x2.0 m.) with wooden walls 
and a metallic roof. * Thi? construction was evidently favorable for 
tlie occuircuco of the disturlnuicL' in (pu'.-^tiun, for the air tremors 
whicl) occuned very much during tlie colder niontlis c<)uld not 
he coinplett?ly suppressed even under the contrivance duo to Mr. 
Moos.f After carrying o» the obsen*atlon in this way for several 
winters, I have arrived finally at a means which seems to be 
fairly satisfactory. 

• See the PubUciilinii* of Ihr Imp. luirtfiq. liii: Coniiii., No. Ill, p. I. 

t Se« Prof. Milae : E'ourdi Rt-port of i\ie British AesociiliuD &}isiuolo^iGal Coiuutittctt. 
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Figs. 1-2 show the front :iik] lateral views of the new arrange- 
ment. The shaded part is the brick pier upon which the instm- 
ment case represented with dotted lines is mounted. Over this 
inner case, another wooden covering shown in the figures with 
full lines was newly added< llie new cose is divided into two 



e 



Fig. 9. 





parts; the upper one, which fits doseiy to the lower along the 
lines AB and BC, can be lifted up by means of two suspenders 

Dd and Ee. The lamp is also covered with a small metallic case 
from which :i chuniu'y prdjccts out. A fresh &u{)i)]y of air is to 
he drawn through the pipe pp from outside, while the colder air 
within the outer covering can escape from the lower side of tlie 
latter. Further, the covering is provided at the front nde with a 
door and a window as the gates for the record-repeiver and the 
lamp respectively. 

The object of the present arrangement is to warm the upper 
layer of air within the two coverings and consequently to prevent 
the raiding of convection cunent within iha inner covering. J!?ince 
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the instriiiiient was tox rrcd with tlic outer caye at the begiiiiiiiig of 
the hist month it has not almost l)eeii affected by the air tremors, 
notwithstanding the season was hitherto an unfavorulile one. 
During this experiment the free vibration period of the boom was 
kept at 15 sec., but perhaps it can advantageously be increased to 
20 sec or more without behig mudi affected by any residual air 
tremors. 

Tokyo. 

April 19U7. 
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Note on the Kashgar (Turkestan) Earthquake of 

Aug. 22, 1902. 

By 

F. Omori, Sc. D., 

Member of the Iiupciiol Eartli^uake Investigation Couimittee. 

1. JPmIHm* 0ffhe MSartttqunkm Origin* According to a map 
showing the isosf^isinal lines of the enrthqnako in question, given 

by Mr. A. Voznesseiisky in No. 4 of the " lUiIIotin Sismiquc dc 
rObservatoire IVragin'tique et Mt't^'orologkiue d'lrktjiusk," the 
eartliquako origin seeni.s to be ^itualod at about latitude 30^42' N, 
and loiujitude 70°E. This po.sition has boon assumed to be the 
source of disturbance in the calculation of the epicentrai distances 
of different stations. 

The times are, unless otherwise stated, always given in 
G.M.T. 

'■i. Apitroaeitnate TUiie (=0 ^'if Karihqwuke Oceurrettce <it 
the fPrif/in. 

( i) The epiccntrnl distance' of Ta.sclikent, whidi wn-; noarcst 
the centre of disturbance is onlv .j'2r, llio time of 
occurrence of the eoi'thquakc tlien being 3*U2"12'. if 
we assume the mean transit velocity between the origin 
and Taschkent to bo G kro per sec.,* the time required 
by the vibrations of the 1st preliminary tremor in pass- 
ing through thnt distance would be 01 sei^, giving the 
following value for the time of occurrence at the origin: 

/o=3''00'-41' 

• The FabUontiOiu." No. 13. 
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(ii) Taking the observation made in Tokyo, and using the 
formula 

1.105 

w<i find: — 

;,=Time of occurrence in Tokyo =3*09'"33* 
y, = Dnratioti o{ 1st I'rel. Tremor=0"-i4' 

Taking tlie mean of the two alxsvo values of we obtaiu: — 
Time of earthquake occurrence at the origin, 

t (G.M.T.) 
». Thtte (fi) ofMOg. i^Turre^ttce at the different Sfatl^nm, The 

following table gives the latitude, longitude, and epicentral 
distance of, and the time of the eartliquake occurrence at, each of 
the 3C different seisroological stations, where the shaking was 
instnimentally observed. 

Table I. Turkestan Earthquake: £picentral Distance 
and Time of Occurrence. 



Origiu 

(i) Tasebkent 



Cokba (Bombay) 

Irkutsk 

Tiflis 

(it) Mean 



(iii) KuUaikanal 
Nikolajev 



PoritioB. 
LktitinlH. j LoBgftnd*. 



41*19' 31* N 



E 

6^ 17' 42* E 



IH 58 -15 X 72 48 5(3 E 
52 10 — N 104 18 ;{:{ E 



41 43 Ob N 



44 47 51 E 



10 13 50 X ; 77 27 46 £ 3 04 48 



6*21' 

•20 50 
23 07 
23 3G 



Time of EqlM 

Oi'CllJTrntX" 

(<T.M.T.) = r,. 



V Of «• 
3* 02- 12* 

05 24 
05 24 
05 14 



40 58 IH N 58 27 E 



a2 24 



07 00 



• Tba Baltetia." Xo. I. 
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tea 



Table 1. Com. 



Place. 



PcaitiOD. 



lAtJtode. 



Longitade. 









N 


■~ 

ao' 29' 15" 


£ 


















47 


•2-2 


'29 


X 


19 03 55 


E 




46 


03 






14 31 — 


E 




5 1 


20 


0(5 


X 


1-2 23 30 


E 


Tria:^t 


45 


3S 


45 


X 


13 45 45 


E 




5;5 


■.Hi 


55 


X 


10 01 19 


£ 




40 


40 




X 


13 59 — 


£ 




14 


34 


41 


X 


120 58 33 


£ 




37 


2'J 




N 


15 04 — 


£ 




34 


42 






135 31 — 


£ 




41 


46 




N 


12 42 — 


£ 




43 


49 


11 




11 13 11 


£ 




48 


35 




N 


7 46 10 


£ 


Pav» 


45 


11 




JT 


9 09 


£ 




35 


42 


29 


N 


139 45 53 


£ 




50 


47 


53 


N 


4 21 44 


£ 


















55 57 23 




3 10 40 


W 


Sbide 1 50 42 




N 


1 19 


W 


Paisley ' 55 51 




N 


4 25 


W 




53 24 04 


N 


3 04 18 


W 


Batovia i a 06 




S 


IOC 50 


£ 














(vii) San Fernando... 


36 27 40 K 


6 12 19 


W 



Epioentral 
Diitoace 


Time of Ecjke 
Uccurrenca 


34 3;) 




07" 


48 




3 


<I7 


24 


41 02 


3 


09 


20 


4 1 .It) 

44 Ji Z 




06 


50 


44 o4 




08 


01 


44 o9 




08 


17 


40 35 




08 


55 


46 22 




10 


05 


46 S4 




09 


04 


46 41 




06 


59 


46 io 




09 


04 


46 54 




06 


80 


47 15 




08 


53 


48 06 




10 


00 


48 13 




08 


52 


49 32 




00 


33 


49 35 




09 


06 


4ft 1% 


3 


08 


54 


52 24 


3 


09 


30 


53 02 




10 


12 


58 05 




10 


10 


53 m 








53 56 




09 


54 


1% 


8 


Of 


64 


62 23 


3 


09 


06 
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Table I. Cunt, 









Potition. 






hjpicantnl 


Time of Eqk« 


Pl«ee. 














l)iat«Boe 


Oocurreno- 












Iioagitode. 


«»*. 




M.T.) 


= 


PferthCWA.) 


81' 




S 




60'^ 


E 


80* 


32^ 


3» 


13- 


36* 


Cape Town 


33 


56 08 


S 


18 


38 41 


E 


90 


47 




14 


48 


Victoria, B.C 


48 


27 — 




123 


22 - 


W 


90 


12 




16 


00 


Toronto* 


43 


39 36 


N 


79 


23 24 


W 


93 


43 




25 


48 




39 


17 48 


N 


76 


37 12 


w 


97 


08 




24 


30 
















87 


10 


' 3 


14 


4S 


















CbriBtcboicli 


43 


31 50 


S 


172 


37 18 


£ 


120 


17 


3 


20 


36 


WeUtuftton* 


41 


J7 — 


s 


174 


47 — 


E 


120 


39 




29 


00 


(ix) Mean 

(•Kxoept«d) 














m 


17 


1 


SO 


30 


















31 


26 — 


s 


64 


12 — 


W 


146 


52 


3 


19 


30 



Propaifation Velocity r„ cafcufated hif " Differmct Mcilutd.' ' Thi? 
mean group values of the epieeiitral distance (a) and the cor- 
respondhig time (<i) of earthquake oceurrencu are, according to the 
above table, as follows: — 



( i ) 




21'; 


/i = 3''02"-l2- 


(1 station) 


(ii) 




34 


S05 21 


(3 stations) 


(iii) 


•2*) 


SO 


3 01 4S (?) 


(1 ) 


(>v) 


•iA 


ao 


;i 07 24 


(•3 ) 


v' V) 


4» 


*r> 




(15 „ ) 


(vi) 


■>;{ 


07 


;< o<.» :)4 


(5 ) 


(vii) 


G2 


23 


H O'J 01') (?j 


a » ) 


(viii) 


87 


10 


3 14 4n 




;ix) 


120 


17 


3 20 3() 






146 


52 


5i H) 30 


(1 ) 
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The valuej5 of the velocity r, Ga1culate<l l>y combiniug the 

group (v) with tlic others are i^iviMi in tho folluwiiig table: — 

Velocity r, CalculiU'a by " DilTei-eiV'.; M-.-iIlkI."' 



CoinhiQution of 
Groups. 








(Y)-(iv) 

-( i) 
(viMv) 

(VIU)— „ 


12»55' 
23 52 
41 05 
6 41 
40 44 


1*80* 
3 33 
6 42 
1 (JO 
5 54 


15.9 *"/•«• 

12.4 

11.4 

12.4 

12.8 




87 09 


11 09 


14.4 



The averago of the velocity, (Irnluceil h'om the G dirterent 
values contained in the abo\ o taMc is 

''1=13.9 km/dec. 
Tliis is to be regarded only as a rough approximation. 

4. Mfnrati&n •ffh^ Mai Rt^miMary Tteu^or, Table II gives 
for ti number of stations the epicenti'al distance and the duration 
Qfi) t'^o Ist preliminary tremor. 



Table II. Turkestan Earthquake: Duration of the 
1st l^liminary Tremor. 



Place. 


Hptocutriil Disttinco 


Duration of lat Frel. 










29 :^0 


5 06 




M h:> 


0 00 




2S :!i 




LeipzifT 


•14 M 


7 35 




4G 48 





9. OoMti : Kii*Iig»r Ewthquake of 1902. 



TaMe II 


Coui. 






Place. 


Epicentral Diit&&t.-« 


Duration of l»t Prel. 
TivxDor= 




At* 


1 K' 


7*39* 








O 44 


« r 


47 




1 19 




92 








53 


56 


8 00 




d3 


Ift 


S H 




G2 


23 


10 12 




00 


47 


'J 30 




07 




8 48 




120 


17 


20 




140 


52 


21 42 




133 


s» 


Sf %% 



Taking piovisionally only the 4 moau group values of the x 
and the Gorrespouding contained in Table II, and calculating by 
the method of Least Squares the constants of a linear equation 

as4;iinKM,l between tht'i^c Uvu quantities, we obtain the following 
result: — 

j-*'" = 11.8f/r--G0'"' 

(for J- l-o»wt<. n 28* and 134*> 

Thu above equation, which is to be regarded as being only 
roughly approximate, relate^: to tlic obstervation of the Tui'kestan 
earthquake at different places. (Compare with a similar equation 
for the San Francisco earthquake of April 18, 1906, given in the 
BnUeliii, No. 1.) 
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Tilting of the Ground during a Stonn. 

By 

F. Omori, Sc. D., 
Uember of the Imperial Eaiibqaalw InTestigatioii Cowmittee. 

I. In the Publicataoos of the Earthquake Investigation 
Committee", No. 21, X have described an £W horizontal pen- 
dulum or "tiltometer" diagram obtained in Tokyo during a 
sform, on Oct. 10th and 11 th, 1004, which shows the tilting of 
the ground to an amonnt of SV'- 1" 1> PI- XL, illustrates a 
similar ( ase of the tihiijg <»f the grouii<l observed on .Jan. 10 and 
11, r.iUG, in Tokyo, witli tlie EW cuuiponeiit iiorizorital pen- 
dulum, whoso recording cylinder makes one revolution in 24 
hours. The instrument, which is set up in the I nick ' ' l^arthquake- 
proof House " in the University Compound (Hongo), is of the 
foUowing specifications: — 

Length of the struts or the horizontal distance between the 
pendulum axis and the centre of the heavy bob=Tj=75"*. 

Period of the iieiiduluni when suspended verticaily=Tu=^l . 74 
sec. 

Period of the hoi i/. pendulum as actually set up=T=33 sec. 
Multiplication ratio of the pointer^^n— 20. 
1mm displacement of the writing indexes 

r=Lxnx#i»rx ^O.^OaSS 

8. Thm Wetahtr at Iktkyo an Jan. lO otMf 11, 1«0C* The 

following table gives the hourly values at Tokyo on Jan. 10th and 

* Tbe tiuiM lure givt^n in 1st Xormal Jftpnu Time, or that of loDgitnde Wb" £. 
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11th, 1006, of the atmosplieric pressure, wiiul velocity, aQd the 
amount of preeipitaiion. 



■Baioinetrio Viimun ,* Wind Vcloolly, *nd BrBofpttatiba. 
TOkm '«■• lO «lMl 11, 1808. 





Jul lOth. 1 


Jaa. nth. 


Hoar. 


B:iroi!n-tric 


Win.l 
Velocity?. 


Precipita- 
Uun. 


BAriunetric 
Prt?*8uro. 


Wind 


Precipitin 
tion. 




uiin. 

700+ 


n/Me. 


nmi. 


mm. 
7004- 


to/aea 




1 A.M. 


09.6 


2.H 




53,1 


3.3 


17 


2 




2.2 




51 1 


2 8 


1 1 


3 


69.3 


■L'i 




49.3 


2.2 


3.9 


4 








46.5 


3.3 


4 3 


6 


68.3 


24 




44.6 


3.5 


8.4 


6 


68.1 


3.7 




42.7 


5.0 


pan 


7 
8 


67.9 

67.8 


3.7 




42.3 


0.0 


6.7 


3.7 




^ 42.6 


7.9 


0.3 


9 




2.H 




1) Cl 






10 


67.2 


•) ') 


0.0 


48.5 


2.6 


0.0 


11 


66.0 


0.8 




43.9 


2.8 






1 64.3 


0.8 




43.8 


1.6 




1 P.M. 




O.K 




43.4 


5.6 




2 


62.6 


1.1 




44.6 


7.4 




3 


1 6-2.2 
' 61.6 


1.1 




45.1 


11.0 




4 


1.6 




1 46.3 


8.5 




5 


60.9 


0.9 




46.7 


8.8 




6 


60.3 


1.1 


0.0 


47.6 


10.3 




7 


59.8 


1.6 


0.0 


48.3 


9.0 




« 


59.0 


2.4 




48.4 


10.8 




9 


57.7 


1.8 


0.0 


49.2 


9.4 




10 


57.1 


l.B 


0.6 


49.6 


6.3 




11 

Midnight. 


55.H 
54.2 


2.4 
2.1 


0.2 
0.2 


49.2 
' 49.2 

1 


\ :,.c. 

3.3 





(* Eedaced valf t» tho f raenii|f point. Reduction to itaadard gr mtj — 0l69v»» (hat to 
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As will be seoQ from the above table, the barometric pressure 
was 769.6 mm at 1 a.m., on the 10th, thonce gradually decreasing 
to 744.6 mm at 5 a.m., on the 11th. The i>ressure, whicli reached 
thf minimum of 742.3 mm at 7 a.m. on the hitter day, remaint;(l 
low and less than 744 mm for the iie.Kt (j Iiours. JMu- wind velocity 
reached a maximum value of 9.0 m/sec. nearly at the moment of 
the lowest barometric pressmre, although greater values of 10.3 to 
11 m/sec. were reached at between 3 and 8 p.m. of the 11th. The 
maximum hourly amount of the precipitation was 22 mm and 
occurred between 5 and 6 a.m., on the 11th. 

The cyclone, which caused the storm in question, first 
apiJL-ared in the moniiiit; of the 10th off the south-eastern coast of 
Cliina and already approached the west cousL of Kyushu on the 
afternoon of the sain3 d-iy, tlionce progrvissiag in an EEN 
direction along the Inland Sea. Tlie centre of depression xm^d, 
at 7 a.m. on the 11th, between Tokyo and Yokohama, tlienee 
moving over the Pacific in a NNE direction, and approaching 
the north-eastern part of Hokkaido on the afternoon of the same 
day. The lowest barometric pressure of 724.6 mm was registered 
at 10 and 11 p.m., on tlie 11th, at the meteorological observatory 
of tshaua (Kurile Islands). 

3. TUtinff offhe Orouutl and JPuimaiot^u OsetUafinna. The 

** pulsatojy oscillations ' began to api)ear gradually at 4 p.m., on 
the 10th. accompanied by a slight tilting of the ground towai'ds 
E. At 4^56* a.m. on the 11th, (marked a in Fig. 1), the rate of 
the eastwaitl inclination beg^n to become quicker; the maximum 
dipplacement of the pointer of the tUtomUer in the same direction 
Iteiny, itiu lied at OO"' a.m., on the same morning. Tliis moment is 
niarked /' in the figure, the actual trace on the <liagram aiuuunting 
to 21 n)ni, which is equivalent to 0".m. At the same time the 
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pulsatory oscillations be<»nae veiy active, and reached a inaximum 
range of 0.2 mm. Tlien there began the tilting of tbt- ground 

towards W, and the mnxiniutn displacement of tlie pointer 
(iiiaikt d <• in the figure) in tli;it direction oeeurring at 8* 81" m. m. 
on tlie lltli. Tlie total or double amplitude of the tilting oscilla- 
tion amounted to 74.(*> mm or 2. "87. 

After 8^ 31" the tilting began to turn towards E again, the 
pulsatory oscillations becoming at the same time still more active. 

The pointer I'eached li9 normal position at about lo" p.m., 
on the 11th; the pulsatory oscillations continuing active (maxi- 
mum ranpe=0.25 mm) till that time. 

Fig. 2 and Fit:, o give the noiids furni.^htll !»y a liuri/onlal 
pendulum tromoi 111 r, r of multiplication^ 120, also set up in the 
'* Eiuihquake-prt ut H. i:>e for a few minutes interval, respec- 
tively at about 2 and 4 a.m., on the 1 1th. The elements of motion 
were as follows: — 

i2 a.m.'(llth) max. rangi'=0 17 mm, poriod=0.2 .-ec. 
■4 ,t s^O. 15 » »» G.4 . 

4. From 2 and .">. it will be seen that the oxtromo elonga- 
tion towards E in Fin. 1) ei)incided with the epoch i>t the grea- 
test ruiufall, and that thf ruinurkable westward tilting from '» t() c 
nearl}' coincided with the time inter\ al during wliieh the atmos- 
pheric pressure was lowest, namely, between G and d a.m. (on 
the 11th). Now the existence of a barometric depression on 
Musasbi, Shimosa and Hitachi plain, or the district lying to the 
east and north-east of Tokyo, would cause this part of the earth's 
surface to rise up, the consequence lieing that there ought to he 
a westward iiicliaaliuji (M at Tokyo and the ncigbli.'Ui huutl. A 
similar e.\i)lauatiou i.s applic^Ujle to tiie eastward inclination (ah). 
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Fig. 1. BW Tjltometer Beeoxd. Jan. 11, 1906 ; Hongo, Tokyo. 



lacliiuiftoa towards £. 

ti/ 




Pulsatory Oscillations, Obaemd HoiigO» Tokyo. Jan. 11, 190S. BW GompontoA, 
Multiplication -120. 



Time'. 

4 \. 



A 1- 



Fig, 2. About 2. A. M. 



4- 



Tinv4' . 



jfr-'—J j| 
H 1- 



Fig. 3. Aboat 4. A M. 
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The demonetrntion suggested above is rather opposite to that 
used for the case of the tilting olj.served in Tokyo on Oct. 10 and 
11,1904. The di>ciepancy prohabl}' lies in tlie fact that on the 
latter occasion, tlie depression moved ontiroly over the Pacific at 
a distance of several hundred km. from the coast, while in the 
present case the track of the cyclone was entirely over the land, 
from its first entrance in Kyushu to its passage into the ocean at 
the coast of Hitachi. 

Tiltometer obserN'ations of the efiFecte of the barometric pres- 
sure simultaneously in two rectantrular huiizuntal iliitctii ins Kceui 
to he very interesting in connection with the question of the 
rigidity of the earth's crust. 
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The Deflection and Vibration of Railway 

Bridges. 2ncl Paper. 

By 

F. Omor], Sc. D.. 

Member of the Imperial Eartlitjuake luvcstigatiou Cutumittcc. 

I. A«#r«tftt«flon. In No. 9 of the Publieations of the 
Eartluputke lavesliffaUon Commiliee in Foreign Language, I have given 
an account of the measurements of the deflection and vibration 
of eleven railway bridjjjcs, with description of the instruments 
eiuployetl. Since then tlicse experiments have l>een tn'eatly 
exlcaded, and in the course of I'JOl an(i lUU2, tlic jnovements 
of the 2-i different girders and trusses on tlie Governnjcnt, the 
Nippon, and the Kwansei Railways have been examined. All 
the trasses were tlirmtgh in construction except the two similar 
105' Pratt trusses of the ath Aizawa-i^afm and the Kami Usui-j^auKi 
bridges which were dede in construction. All of these bridges, 
most of which are constructed accor<ling to iho Imp. Jap. (tov. 
Railway ^jtandanl. ;ire for single track. In a few cases, the 
vibration of the inidge piers have also been recorded. Tlio 
present note gives a tabular statement of tlie results of these 
measurements; the full re(X)rt will be given in a futui'e number of 
the PvblicalioHs. 

s. Jnttrnmenta* The measurement of the deflection and 
vibration of the bridge trusses and girders was done with the same 
instmments and in exactly the same way as in' the preceding series 
of experiments For taking tlie <lirect mea&urtinent of the total 
amount of the deflection, however, a new self recording arrange- 



Digitized by Google 



Deflection sad VU»*tloa of S^wny Ikiigea. 



173 



luent was designed, whose mechanical details an given in PI. XLI. 
This instrament consists essentially of a strong wooden board (c), 
5 inches broad and sonic o feet \ou^, whicli is fixed by means of 
proper bolts or liooks (/<) to tlie girder or tlie l>ottoin cliord of tlio 
trusj*. From the middle of Ibe plate, rises a wooden post (f) about 
1' tall, whose top serves as the fulcrum for the lever {de). One 
end of the latter is stretched by three similar powerful spiml 
springs (k) fixed vertically to the plate (a); while from the other 
end, (e\ a square piece of wood (0 is suspended, which is to be 
tightly stretched by means of a weight Qi), (not shown in the 
iigure) siispcndetl willi a steel wire ur tiipe. To tbo inner side of 
the wood piece ('') is fixed by a i^crew a small thin rectangular 
piece of wood, (/'). about l"x.')" in size, against which presses the 
IKtint of a pencil (') contained in a guiding tube (/) fixed to the 
base plate. The tube (/) contains at its end a small spiral spiing 
liihich presses the pencil (<) forward. Thus, when a train passes 
over the girder or truss, the latter is deflected and bent down; 
while the small plate ('») remains always in its position, on account 
of the stretching due to the wei^lit (;/) and lliu .-prings (A). 

The pencil (') tlierefon; traces in the natural size the amount 
of the total deriection (i. e. statical detlection and niaximuui 
vertical vibration combined) on the plate {h). The latter is after 
each experiment to be substitued by a new one. Except for the 
case of mountain torrent, this method gave generally satisfactoiy 
rcsuhs, no matter how deep the water was; tlie weight Qf) consisting 
of a cylindrical weight of lead furnished with three small feet, 
which together weigh about k-. The following are some of 
tlie caK'j', in which the detlection wa- Uiensured both directly by 
the above mentioned contrivance, and by the vertical motion 
seismograph (dcilectometer) set up on the bridge itself: — 
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Blidge. 




Deflection 

hy rert. 
mot. »ei«- 
iiiOKraph. 



Oi-gawa. 

Do. 

Ihirgawa 



Warren Gird. 



Do. 



Mean. 




|Passcuger traio, witb2eDgine8 
Inob. 608 and 2 at head. 
Mixed train, with '1 engines 
Noe. 610 and 113 at heaid. 
1 Passenger train, 
(Engine No. 44. 
(Passenger tiain. 
1 Engine 2So. 41, 



3. MPefieeti^n ana Ttbraiiow the BrMoe OlrStrm «fMf 
SVifMM. Table II, which embodies tJie results of the second series 

of the dclleetidii and vibration inea-un im-nts, ui\ e> fur each of the 
bridge girder^s and trusses tiie diftorent elementjf of tlie niovcinent; 
the experinient having l»eeii, except in a few cases, repeated 2 to 
21 times. Table III gives a general sunmiaiy of the results of 
measurements contained in Table II, namely, the absolutely 
greatest and mean maximum values of the deflection, doable 
amplitude, and period, for each case. Table I gives a list of the 
Kiconjotives which passed over the different bridirej* during the 
exi)eriTnents. The terni.s defection, and rrrticaJ^ tmn-irase and 
lo)i[fiiiidinal riimUioiis, which are used in tlie same senses as here- 
tofore and refer U) the middle of the bottom side of a girder or 
truss, are defined as follows: — 

The de/dstiou is the total amount of bending, which is 
equivalent to the sum of the statical bending and the niaxinmm 
vibration amphtude. 

The C'tiiml vibriUion is the up and down quick movement, 
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whose period depends on each girder or truss; while the tranao&rsB 
and die tongUudinal vibrations are the movements, which take place 
in the horizontal plane, and whose directions are respectively 

perpendicular and parallel to the length of the bridge. For each 
class of viljiatioiis, the ruiigc of motion. (U- double amplitude, 
and the period (that is to say, the complete period) ai'e denoted 
respectively by the symbols 2a and T. 

The values of the deflections given in Tables II and III 
have been obtained as follows :-(l), measured by the deflectometer 
alone in the cases of a 70' plate girder of the Tone-^wa 
(Mtiebashi), the three 100' Warren girders of the Kuji-^i0a» the 
2n<l Sakawa-ya?m and the 3rd Sakawa-;/atm bridges, the 120' Pratt 
truss of tbe Vn-ijan u bridge, the two similar 105' Pratt deck trusses 
(up line) of tiie 5th Aiza\va-(/'<«"a and the Kami-Usui-jfrtu-a bridges, 
and t]io 300' Pratt truss of the Ki/M-gatca bridge; (2), measured 
directly by the contrivance before described, in the cases of the 20' 
plate girder of the Tone-^tca bridge (Toride), the 70' plate girder 
of the Kizn-gawa bridge, the 100' Warren girder (one nearest the 
Kasagi end) of the K\m-gav>a bridge, the 105' Pratt truss (down 
line) of the 5th Aha\v&-^awa bridge, a 200' Doable Warren girder 
(Truss No. 14) of the Oi-f/a»v< bridge, the 200' bow-string truss of 
the ord Ahawa-f/twu bridge, and a 200' Double Warren girder 
(No. 1) of the Tone-yf«'a bridge (Toride); and, (3), measured botli 
by the deflectometer and directiy by the same contrivance as in 
(3), in the remaining 4 cases. 

The period of the longitudinal vibration which was generally 
too quick to be distinctly measured by our instrument, is not 
given in tlio tables. 

Tbe (tstcrish, affixed in Table III to tbe names of .^omc 
of tlie bridges signify that the values of the detiection and 
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the vibrations given there are tliose caused by the x>assage of the 
heaviest engine or train which pass over those bridges in the 
present state of tlie traffic on the different Japanese railways. 

Ill Table III, the abi-olutoly greatest anions the different values 
of a given element of motion in each colunni are printed in 
fat letters. 

A photographic picture of the contrivance for directly measur- 
ing the deflection, described in § 2, is given in PI. XLII. 
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No. 


Claw. 




W eight of 
Tender. 


No. 




FotalWeight 


Weight of 
Tfnder. 




NIPPON 1 


RAILWAY.* 

II f ■■• < • II «Y ifc^ 



TukBagiiM 

a 

1» 

Sll 
€06 
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511 



w ■* 
M m 
i> ft 



S8. 8. S 

i4. 15. 0 

a&. la 3 

W. 16. 0 



— {{ 513 render Engiiu 70. 16.118 

515 ,. ., ' 



lbs 

70. 16.110 



2«. la 0 



26. 13. M 



524 „ 
527 „ 

633 

653 Tank 
555| H 



80. 
S9. 
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GOVERNMENT RAILWAYS. 
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X Total veeiffla im the iralght of the engiiie imd tender. 
• The HinioQ Railwej bee w^vXlj berv naiiiw:(Iiied. ^ 
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TABLE 11. DEFLECTION AND VIBRATION 



Rim. 


Bflidg* CHidur 

Off IVlWi. 
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TABLE IIL^SUMMARY OF THE DEFLECTION AND VIBRATION 

MEASUREMENTS. 
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From Table III, we eee that the alisolutel y greatest amount 

of the deflection reached 2*.).") imn in the case of one of the 200' 
double Wan-en girders of the '\\u\v-q<tu'a (Toiide) bridge, and tlie 
next greatest amount of 25.4 mm occurred in the case of one of 
the 105' Pratt trusts ( f the No. 5 Aizawa-^^aim bridge; each 
having taken place under the pastsage of two tender engines in 
series. The greatest vertical vibration of 9.2 mm, which occurred 
in the case of the Karoi<U8ui''<|nwa 105' trass, similar to that of 
the last-named bridge, was produced by the jia.ssage at a velocity 
of 17 miles / hour of an Abt engine of 53' 12" coupled to a break- 
van; the maximum vertical moti^in of a girder or tru!«s of long 
span generally occurring with a train running at a comparatively 
slow speed. The next greatest vertical \iljration of f^.5 mm 
ocGumd in the case of tlie first^mentioneil Tone^um bridge. 
From these ilgum it will be readily understood that the vertical 
vibration forms an element of the bridge motion of a considerable 
importance. The period of the vibration varied from about 0.2 
^^ec. for (JO'-TO' plate girder.s to nearly O.G .sec. for the 200' double 
Warren girders. 

The two greatest transvei'se vibrations of 15.0 and 12.4 mm 
occurred respectively in the cases of the Kanii-Usui ^wa 105' deck 
Pratt truss and one of the 200' double Warren girders of the Oi- 
gatta bridge; the vibration period of former bridge reaching an 
e^rtraordinaiy length of nearly 1| sec. The lengtli of the trans- 
versse period was generally nioi*e than doultle the vertical periotl. 

The longitutlinal vibrations were always very quick, and 
was net able to .satisfactorily measure their pn iui is w itli tlic instru- 
ments then used. The amplitude of these iiu>\ i nu was small, 
varying between 0. 0 and 2.7 mm for the dilferent girdei-s and 
trasses. In virtue of tiic great intensity or violence, the longi- 
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tudinal motion, although small, must play an important part in 
the procees of loosening the rivets, or wearing the joints, and ite 
study will prove of grrat value in connection with the strength of 

the bridge structures, 

A careful study ui the rehul is of llu' nieasureinouts given in 
Tables U and III will disclose many interesting points. Amongst 
others, it will be observed that a weak bridge has a larger . range 
(double amplitude) as well as a longer period than a strong bridge, 
the vibration elements being, so to speak, the indices of the 
strength or quality of a given elastic structure. 
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Hofisontal Tremor Recorder. 
By 

F. Omori, Sc., D., 
MemW of Uk» Imperial fiirlliqiiake Invwtigatioii Conumttae. 

In the Publications^ No. 1 8, I have described a form of hori- 
zontal tremor recorder designed to measure the small vibrations of 
the ground due to artificial causes. Since then several instra- 
ments of the same type, adapted to a continuous seismic registra- 
tion, have been constracted, the two horizontal component 
vil nations being written on a smoked paper wrapped round a 
revolving cylinder in the usual way. These seisniogmplis, with a 
magnification of about 100, set up in the Mount Tsukuba and 
Osaka Meteorological Observatories proved very useful in the 
observation of near earthquakes, or those, say, of the epicentral 
distance under 1000 km. 

The upper picture on PI. XUI represents a sin^e component 
** tremor recorder," whose heavy bob is 32 kg in weight, and 
which magnifies the mtition 2i h) times. 

Althougli the ob.servatiun ot the leleseisnn'c disturbance is 
very important, it must not be forgotten that the chief interest of 
the earthquake measuremenU$ is in connection with the study of 
local shocks. For an earthquake couotry it will be more to the 
purpose to provide the different stations with the "tremor 
recorders," or similar instruments, together with ordinary seismo^ 
gruphs for the obsen'ation of the macro-seismic disturbance; the 
in.strumcnts for the study of tlie teleseismic motion being act up 
only at a few .stamlard ub.servaiories. 
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Long Period Horizontal Pendulum. 

^y 

F.Omori, Sc. D., 
U«mb«r of tbe Iinpwial Bulbqaali« Ksrwtigitioit Committee. 

For the i \ atiun of slow vibrations occurring in the 
teleseismio motion it is necessary to bring the " steady mass " of 
a seismograph sufficiently near to Ihe state of neutral equilibrium, 
so as to make the natural oscillation period of the instrument 
much longer than that of the earthquake movements. In the 
case of a liorizoiital pendulum, tliis amounts to minimizing the 
angle, 9, foniuMl iH tweon tho \trtic;il and the axis of the 
ponduhnn, or the line joining tiie }>oints of support and of 
suspension of tliu lalti i'. Now, as the tendency of the pendulum 
to become unstable depends on the smallncss of tho horizontal 
distance between the points of support and of suspension, we can, 
by increasing the vertical distance between these two points, 
lessen the angle f and thereby increase the oscillation period, 
without throwing the ]K'ndnIum out of the stable condition. If 
Ihf lengtlj of the hoiizuiifal stmt ]>ealK)Ut 1 7n»'tr(>. and tlu- verti- 
cal height ot tiie penduhun he 2.j to ?> nictii .-. Ilu- tKM-illation 
period can 1m raised to ahout niin.*; the mass of tho heavy bob 
employed being about 50 kg. 

PI. XLIII repi-esents a horizontal pendulum, temporarily f^et 
up in the Seismological Laboratory; the instrumental constants 
.being as follows : — 

* See also tbe fMlcitmnt, No. 4. 
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Weight of die bobsfiO kg. 

Length of the faoiizootol etrotsl metre. 

Yertieal height of the peodQlnin=2 metzee. 

Pomter moltiplicatboBdO. 
The pendulum can be adjusted without difficulty to an osdllation 
period of about 2"' 15'. 

The recor<1in{j apparntus lias received a notablu iniprovenicnt 
in the hand of J I. I. II. Prime Vaniai?hina, who takes a keen 
interest in ineteorological and seisniological observations. The 
meehauism is so ananged that the cylinder can be quietly rolled 
away horizontally and normally o its axis, enabling us to take o£F 
or put in the position the recoid-receiver without affecting the 
writing pointer. 
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Seismographic Diagrams of the Local Earthquake of 

June zz, Z907.* 

By 

F. Omori, Sc. D., 
Memtier of tie Imperial Earthquake Iuv«itipitiiou ConuuiUee. 

1. Am ttff DMnrbanee. The otiithqitake of June 1 1 , 1907, 

at 8'' r/J" lT a.m. (iroiiuo, Tokyo) was felt moderately or strongly 
ill tlic vu:iuily of Tokyo over an area about 'JOO km in lengtli 
aud about 100 km in width. The area, within whicli the motiou 
was sensible, stretched from near the iioi'them end of the Main 
Island to the vicinity of Osaka, over a distance of nearly 900 km. 
<Seo Fig. 1, PI. XLIV.) In Tokyo, the earthquake was of a 
moderate intensity, and, although no damage was caused, it was 
the strongest next to the severe shock of Feb. 24, 1006. 

». PMdtlon «r th« R4|1c« Orlfdn. The dm ations of the preli- 
niinaiy tremtjr at Tokyo, Mito, and .Mount T^ukubu, wore rr-^)ec- 
tively S.5 sec, 0 sec, and 7.2 sec. The circles drawn about these 
placcii and centres with radii equal to the eonesponding epiccutral 
distances}, meet each other near the origin of disturbance, who^se 
approximate position is ^=140*^46', v=B5>^^, at about 100 km to 
S78^E of Tokyo. (See Fig. 1.) In Tokyo, the shock was preceded 
by a slight, but distinct sound. 

». Mtormelimogruith Keottnta. Fi^s. 2, 3, and 4 (PI. XLV) 
give the EW, vertical, aud NS component diagrams furnished by 

• The timos aro given ia the 1st yormiU Japan Timo, nauicl.v, that of Vio' V.. 
t OftkttUted according to tbe formnia 3^=7:27 j^--i-38i«", wbero x is the cpioeattal 
dMuMftaadf is tb« dacatioa «( Mm total pieliiiiiBaij tremor. 
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the respective niicroseit-uiograpbs. Tlic* instrumeiiUil constants 
are: — 

EW MnltiplicfttlonslO ; Pendulnm period=28 sec. 

Vertical „ =sl2; „ s=4 „ 

K8 =30; =48.5 

It will be observed tli;it tlu' preliininarv tremor Wii.-? suddenly 
followed by the rnaxinuim vibration, the two displaceiueut.s of the 
latter being as follows : — 

Isli motion =5.1 mm, towaids S70^£ ; 

dnd „ as6.6 „ (mAximnm), towards N63**\V. 

Thus the very tir.st ilisplaconient of the i»riiicii)al porliun took 
place approximately towards the eartliquakc origin, while the 
counter, or maximum, displacement was directed away from the 
latter. The vibration in question belongs evidently to the "longi- 
tudinal wave,^* its mean direction of S67**E — NOT^W being not 
much different from the epicontral direction from Tokyo. For the 
next 1'" 20\ the motion remained active, the total duration being 
about 20 mil). The ( omparalive shortness of the dinatiun, in 
spite of the large aiiiplitutle of the principal vibration, 16 the 
characteristic of a local shock. 

For the sake of comparison, I give in Fig. 4 (PI. XLY) the 
EW component diagram of the moderate earthquake of June 23, 
1902, at 7^ 42"" 42' a.u., recorded at Hongi} by the same instru- 
ment as in Fig. 2. It will be observed tliat Figs. 2 and 4 are 
almost perfectly identical to one another; the two displacements 
composing the niaxinmm vibration at the ctji^inienct lucul of the 
priiicipal portion of the eaitluiuake here considered being respec- 
tively 5.7 mm towards E, and 7.0 mm towards W. 

Figs. 6, 7, 8, and 9 (PI. XLVl) are the EW component 
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diagrams of the earthquake (Jane 11, 1007) furnished by horizon- 
tal pendulums, as follows: — • 

Figs. 0 ..Hongo (Tok3'o). Multiplication = 33 ; roululum psrio 1 = 11.5 3J3, 
Figs. 7... ., ( ) =15: „ =01.5 

Figs. 8 ..HiioUttbashiC „) „ =10; „ —31.1 „ 

Figs, i) ,.Mjto. „ =20; „ =23.8 „ 

4., MtmatOmm^trtLpM Beewds. Fig. 10, PL XLVII, i* 
the record furnished by a Gray jVGlne type macroseismograph, set 
up in the Seismological Institute, the magnification of the EW, 
NS and vertical components being ro.-puctively 5, 5, and 8. The 
numerals, 1, 2, 3, and 4, indicate corresponding epochs in the 
three coraponoiit.s. Thu duration was in this case, about 0 niin. 
The largo movement at the comniencenient of the principal 
portion was as follows: — 

Resultant hor. mottoa=6.8 min., towaxds N50°W. 

Vertical motion ^0.8 miu upwiurdft. 

This result is nearly similar to that indicated by the microdei^- 
mographs (§3). Only the first displacement, corresponding to a 
single amplitude, is here very imperfectly shown, on account of 

the length of its period and the friction of (ho instrument. The 
subsequent and principal macro-seismic vibrations* were 4i3 
follows: — 

Max '2a = 1.6 nun, T= 1.6 sec. 
„ , T—OJia „ 

The period of the ripples,** or small sharp vibrations, was 
0.20 sec. 

Fig. 11 (PI. XLVril), is the macroseismographic record 

obtained at lliltitsuba^hi (Tokyo), the K\\. \S, and vertical 
components being multiplied 3, 4, and 2 times, respectively. 
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The numerals, ly 2» 3| and 4, indicate coiresponding epochs in 
the three components. It will be observed that the movements 
of the macroseisraJc character at Hitotsubashi is more regular and 

much greater iIkiu at Ilongo; this being the consequence of the 
extreme soffni --^ <>{ tlio grnuuil at tlte former place. 

5. TUlonietcr Kcvords. The following is the princi])lo of 

the experiments made to test the 
existence or non-existence of 
(I) / ^\ tilting in the ordinary or macro* 

seismic motion, which I have 
carried on since 1897 at the Seis- 
niological 1 nstitute. As diagram- 
inatically shown in the accom- 
/\ i Pi^iiying figure, let there l>e three 
/ r i horizontal pendulums, I, II, and 
]] III, in which C, G", C"' are the 
■ heavy bobs; B'C, B"C", B'"C'" 

the ties; A'C, A"C", A'"0"' the 

„«. I strutr^: and CD', C"D", C"'D" 

f • * 

/\ J tin? writing puinters; the lengths 
A'D' and A"l)" being ( qual to 
one anotlier. l'\n'ther, let the 
two pendulums, I and II, have 
a common angle (=f ) of inclina- 
tion of the pendulum axis to the vertical, the ratios of nmltlplica- 

4'C' A."C" 

tion ;, ,,,, and W^.v^ Ijeing uneciual; while the two pendulums, 

o ]> c n ' A'C Q'" 

1 and 111, have equal ratius uf muliiplication. ^.^^ and 

but unequal angcl:^ of inclination of the iM'ndulnni axes, *f and f • 

The three pendulums arc placed with theii" phmes parallel to one 

another. Thus the iirst two pendulums would have au equal 
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sensibility for a tilting motion, but iliffemnt magnifications for a 
horizontal motion ; while tho fii'st and thinl pendulums have an 

equal ningnification for a horizontal luotion, l>ut different sensibili* 
ties for a tilting motion. 

Fig. 12 (ri. XLI.\) is the record of the KW ccunpuiieiit 
motion obtained on the occasion of tlic earthquake of Juno 11, 
1007, by one of the machines conipo>ied, according to the principle 
above explained, of the three pendulums A, B, and C, the in- 
strumental constants being as follows: — 



Pendaloin. 



I^ioagUi of i Total lcn!,'tli 
I ot Strut ami 



Stmt. 



Poluter. 



MotiAB.1 



A 


1 cm 
12 1 


CtU 1 

48 1 


4 


' EOC. 

; 0.70 


sec. 
4.30 




D 


7 ' 


« i 


7 




:m 




C 


7 


1 

28 

1 


4 


: 0.5a . 

c 

1 i 


'2.50 





In tho above table To and T denote ivspcctively the complete 
period of vibration of each pendulum when suspended vertically 
and when actually sot up as a horizontal pendulum. Tho dis- 
place luent of tho writing iink x of the pointer coricsponding to a 
tiltiog « is, ill each case, given by the foruuila. 

Fruni liie adjustnieni- of the lluee peiuluhirns as given in th« 
above table, we an-i\ ' nt t!i<' f allowing lelutiuiis: — 

f (fi^i- C')= 1.74 f (for A aud Jl). 

r (for A and Jl)=3r (for C), 

Thus tlio two penduhinis A and /' ought to give, for a tilting 
of the ground, a reci»rd three tinie.s larger than tiie pendulum C; 
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while each of tlte two poudulums A and G gives, for the horizontal 
motion, a record equal to 4/7 of that of the pondulum B, 

Although different amounts of the frictioii in the three 
pendulums evidently interfered to some extent with the accuracy 

of the records. IM. XF.IX indicates, as well as the diagraiua obtaiii- 
('<] on otlicr occasions, tliat the tilting elenient in the ordinary 
oaithquake motion is, if any, vury :3light in amount.* 

The Firat Baport on UiU ••xp'.'ritn -at wm 'published ia N). S2 ot th« Ja|NM«w Uspirtt ot the 
Impw EaTtfa^wdtd Iay. Comm. (lOin). 
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Fig. 1. EtttibqaalwofJiiiia.il, 1907. 

(X) Eqke Origin. 

jl) BooadMrj of Ana of Senalbls Motion. 

tu) ......... w « N Strong or Modentto UoUoa. 
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MgB. 2, 8, and 4. EaribqaakB of June 11, 1907. Observed at Hongo, Tbkyo. 
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Fig. 3. Vertical Component : Miiltiplicationsl2. 




Fig. 3. EW Component : Mtilti|liQaliionalO. 



♦ J I I I I I 

Pig. 4. NS GompODAnt : MtdtipBoationsdO. 



Fig. 5. EW Component of Earthquake of Jane 33, 1902. 
Observed at HoogO, Tokyo. Muitiplication=10. 
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Horisootel Pendnlom Diigiams of Ei^ke of June 11, 1907. 

Kg. 6. EW Component, HongO, 
Maltiphu&tiou = ao. 




Fig. 8. £W Component, HitotaabuhL 
MuitipUoatiou 10. 
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